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This  great  work,  universally  acknowledged  as  the  most  complete  and  authoritative 
exposition  of  the  principles  and  details  of  Zoochemistry,  in  its  passage  through  the 
press,  has  received  from  Professor  Rogers  such  care  as  was  necessary  to  present  it 
in  a  correct  and  reliable  form.  To  such  a  work  additions  were  deemed  superfluous, 
but  several  years  having  elapsed  between  the  appearance  in  Germany  of  the  first 
and  last  volume,  the  latter  contained  a  supplement,  embodying  numerous  correc- 
tions and  additions  resulting  from  the  advance  of  the  science.  These  have  all  been 
incorporated  in  the  test  in  their  appropriate  places,  while  the  subjects  have  been 
still  further  elucidated  by  the  insertion  of  illustrations  from  the  Atlas  of  Dr.  Otto 
Funke.  With  the  view  of  supplying  the  student  with  the  means  of  convenient 
comparison,  a  large  number  of  wood-cuts,  from  works  on  kindred  subjects,  have  also 
been  added  in  the  form  of  an  Appendix  of  Plates.  The  work  is,  therefore,  pre- 
sented as  in  every  way  worthy  the  attention  of  all  who  desire  to  be  familiar  with 
the  modern  facts  and  doctrines  of  Physiological  Science. 


The  most  important  contribution  as  yet  made 
to  Physiological  Chemistry. — Am.  Journal  Med. 
Sciences,  Jan.  1856. 

The  present  volumes  belong  to  the  small  class 
of  medical  literature  which  comprises  elaborate 
works  of  the  highest  order  of  merit. — Montreal 
Med.  Chronicle,  Jan.  1856. 

Already  well  known  and  appreciated  by  the 
scientific  world,  Professor  Lehmann's  great  work 
requires  no  laudatory  sentences,  as,  under  a  new 
garb,  it  is  now  presented  to  us.  The  little  space 
at  our  command  would  ill  suffice  to  set  forth  even 
a  small  portion  of  its  excellences.  To  all  whose 
studies  or  professional  duties  render  the  revela- 
tions of  Physiological  Chemistry  at  once  interest- 
ing and  essential,  theso  volumes  will  be  indis- 
pensable. Highly  complimented  by  European 
reviewers,  sought  for  with  avidity  by  scholars  of 
every  nation,  and  admirably  written  throughout, 
it  is  sure  to  win  a  welcome  and  to  be  thoroughly 
Studied.—  Boston  Med.  and  Surg.  Journal,  Dec. 
1855. 

All  teachers  must  possess  it,  and  every  intelli- 
gent physician  ought  to  do  likewise. — Southern 
Med.  and  Surg.  Journal,  Dec.  1855. 

Zoochemistry  is  now  deservedly  taking  a  high 
rank  in  Physiological  research,  and  these  volumes 
will  be  eagerly  sought  by  all  medical  students 
who  are  aiming  at  a  high  standard  of  professional 


attainments,  and  for  the  reason  that  they  consti- 
tute a  standard  authority  in  Europe  and  America. 
The  multiplied  illustrations  and  superior  engrav- 
ings which  abound  in  both  volumes,  will  be  found 
to  be  invaluable  to  medical  microscopists,  who 
are  everywhere  increasing  in  numbers  and  zeal. 
Professor  llogers  has  performed  good  service  in 
his  editorial  revision  of  Professor  Lehmann's 
books,  for  which  the  profession  will  be  greatly 
indebted. — JV.  Y.  Med.  Gazette,  Dec.  1855. 

The  progress  of  research  in  this  department 
is  so  rapid,  that  Prof.  Lehmann's  treatise  must 
be  regarded  as  having  completely  superseded  that 
of  Simon;  and  all  who  desire  to  possess  a  sys- 
tematic work  on  Physiological  Chemistry  by  a 
man  who  is  thoroughly  qualified,  both  by  "his 
physiological  and  chemical  acquirements,  by  his 
own  eminence  as  an  experimentalist,  and  by  the 
philosophic  impartiality  of  his  habits  of  thought, 
to  afford  a  comprehensive  and  exact  view  of  its 
present  aspect,  should  lose  no  time  in  attaching 
themselves  to  the  Society  by  which  it  is  in  course 
of  publication. — British  and  Foreign  Medico- 
Chirurgical  Jievieic. 

The  work  of  Lehmann  stands  unrivalled  as  the 
most  comprehensive  book  of  reference  and  infor- 
mation extant  on  every  branch  of  the  subject  on 
which  it  treats. — Edinburgh  Jlonthly  Journal  of 
Medical  Science. 
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TRANSLATOR'S   PREFACE. 


No  apology  is  necessary  in  presenting  to  the  American  medical 
public  the  work  of  one  so  widely  known  and  universally  acknow- 
ledged as  an  authority  as  Professor  Lehmann.  In  so  doing,  how- 
ever, I  am  surrounded  with  more  than  ordinary  difficulties.  A 
correct  English  translation  of  a  German  work  is  no  easy  task;  but 
when  the  original  is  not  a  full  discussion  of  the  subject  considered, 
but  as  compressed  a  statement  of  facts  as  is  compatible  with  clear- 
ness, the  difficulty  of  avoiding  idiomatic  expressions  is  greatly  in- 
creased. 

From  Dr.  Lehmann's  views  of  the  forces  operative  in  living- 
organisms,  I  must  express  my  dissent.  Dr.  Jackson  has  been  kind 
enough,  at  my  request,  to  prepare  an  article  on  these  views,  stating 
the  doctrines  which  he  has  so  ably  advocated  for  many  years. 

To  adapt  the  work  for  the  use  of  students  of  physiology,  I  have 
incorporated  in  the  text  additional  matter  (derived  mainly  from 
notes  on  Dr.  Jackson's  Lectures,  Carpenter's  Human  Physiology, 
Todd  and  Bowman's  Physiological  Anatomy,  Kolliker's  Microscopic 
Anatomy,  &c),  of  a  more  purely  physiological  nature,  which  will 
be  found  included  in  brackets,  thus  [ — ].  Short  notes  have  also 
been  added,  in  the  shape  of  an  Appendix,  on  kindred  subjects  not 
treated  of  by  the  author;  and  illustrations  selected  from  various 
sources  have  been  introduced,  instead  of  referring,  as  the  author 
has  done,  to  the  "Atlas  of  Physiological  Chemistry,  by  Otto  Funke." 
These  alterations  have  so  changed  the  character  of  the  work  as  to 
render  the  title  of  "Chemical  Physiology"  more  applicable  than 
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that  originally  given  to  it  of  "  Handbook  of  Physiological  Chemis- 
try," which  has,  however,  been  retained  for  Dr.  Lehmann's  portion 
of  it. 

I  can  only  hope  that,  in  its  present  shape,  the  work  may  prove 
of  use  to  those  who  wish  to  ascertain  what  may  be  considered ,  as 
established  in  Physiological  Chemistry,  and  who  yet  have  not  time 
to  wade  through  detail  and  controversy,  and  my  aim  will  be  ac- 
complished if  I  have  succeeded  in  aiding  those  who  desire  a  more 
intimate  acquaintance  with  the  phenomena  presented  by  organized 
beings. 

Philadelphia,  March,  1856. 


AUTHOR'S   PREFACE. 


We  have  made  the  attempt,  in  the  present  little  work,  to  place 
together,  in  as  compressed  a  form  as  possible,  the  positive  facts 
which  can  now  be  looked  on  as  the  certain  possessions  of  physio- 
logical chemistry,  and  to  bring  to  bear  only  those  conclusions  which 
carry  upon  them,  according  to  our  present  physical  views,  the  stamp 
of  relative  truth. 

Notwithstanding  the  very  active  zeal  with  which  physiological 
chemistry  is  cultivated  on  all  sides  in  so  satisfactory  a  manner,  and 
in  spite  of  the  many  extended  works  and  treatises  on  some  of  the 
most  important  heads  of  this  science,  we  are  unfortunately  forced 
to  confess  that,  until  now,  but  few  undisputed  facts,  but  few  un- 
doubted propositions,  are  established.  Hence  we  cannot  ourselves 
decide  whether  the  attempt  to  present  the  department  of  physio- 
logical chemistry  in  a  short  epitome,  where  the  fixed  marks  are  so 
few,  and  the  deficiencies  so  innumerable,  has  succeeded.  If  one 
wishes  not  to  enter  the  domain  of  debates  and  discussions,  a  number 
of  weighty  questions  must  remain,  if  not  unnoticed,  yet  unanswered. 
Yet  we  have  just  attained  a  position  in  physiological  chemistry 
where  we  can  ask  important  questions,  whose  answers,  even  in 
part,  the  near  future  does  not  as  yet  promise. 

If  it  is  in  itself  more  difficult  to  represent  a  subject  briefly,  than 
to  enlarge  on  it  discursively,  the  deficiency  of  our  physiologico- 
chemical  knowledge  just  alluded  to,  has  increased  the  difficulty  ot 
presenting  this  science  in  its  outlines.  We  hope,  therefore,  for 
indulgence  where  we  shall  have  done  too  much  or  too  little. 
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We  have  throughout  avoided  introducing  the  names  of  investi- 
gators and  authorities,  as  such  introductions  would  have  prejudiced 
the  compressed  brevity  which  we  have  had  in  view,  and  the  purely 
objective  treatment  of  the  individual  subjects.  On  this  account, 
also,  we  have  nowhere  brought  forward  our  own  researches,  or 
referred  to  our  larger  work  (Text-Book  of  Physiological  Chemistry,1 
3  vols.  Leipsic,  1853,  "W.  Engleman),  but  throughout  have  cited, 
where  it  seemed  proper,  the  excellent  Atlas  of  Physiological  Chemis- 
try, by  O.  Funke,  Leipsic,  1833,  W.  Engleman. 

C.  G.  LEHMANK 

Leipsic,  May,  1854. 

1  This  work  has  been  recently  presented  to  the  American  public,  complete  in  two 
volumes,  under  the  auspices  of  Dr.  Rogers,  of  the  University  of  Pennsylvania. 
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INTRODUCTORY   ESSAY 


HUMAN  ORGANISM  AND  ITS  FORCES. 


REMARKS  ON  DR.  LEHMAM'S  DOCTRINE  OF  VITAL  FORCES. 


BY 

SAMUEL  JACKSON,  M.  D., 

PROFESSOR  OF  THE  INSTITUTES  OF  3IEDICINE  IX  THE  UNIVERSITY  OF  PENNSYLVANIA. 


OF   THE 


HUMAN    OK  G  AN  ISM. 


GENERAL  RELATIONS. 

The  organism  of  man,  in  its  physiological,  pathological,  and 
therapeutical  relations,  is  the  subject  and  object  of  medical  science. 

A  comprehensive  view  of  its  general  nature,  and  of  its  varied 
phenomena,  will  facilitate  the  investigations  indispensable  for  a 
perfect  understanding  of  them,  by  which  alone  medicine  can  be 
constituted  a  science.  Without  this  knowledge,  it  cannot  rank 
above  an  art  or  empiricism. 

Regarded  in  its  completeness,  it  is  an  organic  mechanism,  the 
last  and  the  most  marvellous  of  the  works  of  God ;  the  fulfilment  of 
the  Creative  thought  in  this  world.  In  its  structure,  it  is  in  the 
highest  degree  complicated  ;  in  its  nature,  it  is  compound :  it  com- 
prehends within  itself  all  organic  nature.  As  in  every  mechanism, 
its  phenomena  are  divisible  into  statical  and  dynamical. 

The  first  embraces  its  material  structure  and  forms:  the  second,  its 
varied  movements  and  its  forces,  or  causes  of  its  actions.  It  includes 
three  distinct  natures,  or  spheres  of  existences—  vegetable,  animal, 
and  spiritual,  or  psychological.  They  form  three  separate  classes 
of  phenomena,  or  branches  of  science ;  vegetability,  animality, 
spirituality,  or  psychology.  The  first  is  characterized  by  growth, 
development,  nutrition,  and  secretion :  the  second,  by  sensibility, 
general  and  special;  contractility  or  irritability;  spontaneous  and 
voluntary  movements  and  locomotion  :  the  third,  by  consciousness, 
perception,  ideality,  causality,  moral  sentiments,  and  instincts. 

The  actions  belonging  to  the  first,  are  vital,  chemical,  and  physi- 
cal; to  the  second,  mechanical,  physical,  and  dynamical;  to  the  last, 
psychological  and  metaphysical. 
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The  special  or  organic  instruments  of  the  first  are  germs, 
cells  —  epithelial,  mucous,  and  glandular — fibres,  and  the  gan- 
glionic or  sympathetic  nervous  system  :  of  the  second,  muscular 
fibres,  muscles,  and  the  spinal  nervous  system,  and  nervous  organs 
of  the  special  senses ;  of  the  third,  the  cerebral  lobes,  hemispheres, 
or  brain. 

The  above  phenomena  blend  together,  are  interdependent,  closely 
associated;  and  are  the  most  intricate  that  exist  in  nature.  They 
can  be  understood  only  when  subjected  to  an  accurate  analysis,  by 
which  each  component  of  a  complex  phenomenon  may  be  sepa- 
rately demonstrated.  This  indispensable  process  for  the  acquiring 
a  reliable  knowledge  of  organic  phenomena,  necessitates  a  compe- 
tent acquaintance  with  each  science  of  which  the  elementary  phe- 
nomena are  subjects. 

A  deficiency  of  this  requisite  has  been,  and  continues  to  be, 
a  source  of  error  in  observation,  and  of  fallacy  in  interpretation. 
Properly  to  comprehend^  a  complex  phenomenon,  it  must  be 
recognized  as  such ;  it  must  be  viewed  in  each  of  its  aspects,  in 
each  of  its  separate  attributes;  the  action  and  influence  of  each 
component  part  must  be  .appreciated  in  the  production  of  the  gene- 
ral result,  the  object  of  research.  A  partial  view,  however  complete 
it  may  be;  the  determination  of  a  single  property,  or  of  a  single 
component,  however  accurate,  cannot  explain  the  attributes,  actions, 
or  nature  of  the  compound.  Errors  of  this  kind  have  abounded  in 
medicine.  It  is  only  within  a  few  years  that  the  means  of  correctly 
analyzing  the  phenomena  of  living  beings  was  possible. 

The  unstableness  of  all  former  theories  and  doctrines  in  medicine 
arose  from  this  defect.  They  were  based  on  a  partial  view,  or  on  a 
single  fact  of  life,  mostly  dynamical,  as  vital  force,  and  irritability, 
or  sensorial  power ;  or  on  chemical  views.  Most  of  the  organic 
chemists  of  the  present  day  neglect  all  other  components  of  a 
phenomenon  except  the  chemical;  and  the  inferences  are  conse- 
quently incorrect,  although  the  chemical  fact  they  establish  may  be 
of  great  value  when  taken  in  conjunction  with  others.  The  chemi- 
cal view  presented  of  the  blood  in  most  works  of  organic  chemistry, 
gives  no  adequate  idea  of  that  fluid  as  circulating  in  the  vessels 
and  of  its  relations  to  vital  phenomena.  The  pure  physiologists 
who  discard  chemistry  and  physics  as  the  leading  characteristics  of 
organic  or  vegetative  functions,  are  nearly  as  remote  from  the  truth 
as  are  the  chemists.    A  just  appreciation  of  the  complex  phenomena 
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of  the  human  organism  can  be  obtained  in  no  other  mode  than  by 
viewing  and  treating  them  by  the  lights  of  the  collateral,  physical, 
chemical,  and  other  sciences,  to  which  their  elementary  phenomena 
belong. 

The  material  substance,  the  basis  of  the  structure  of  the  organism, 
is  plastic,  or  organizable  matter.  The  elementary  plastic  matter  is 
albumen,  which  becomes  transformed  into  various  proximate  plas- 
mata,  of  which  the  different  solid  elementary  tissues  and  organs  are 
formed. 


CHEMICAL  RELATIONS. 

Organic  matter  has  for  its  constituents  the  common  chemical 
elements  of  inorganic  bodies.  Four  of  these,  carbon,  nitrogen, 
hydrogen,  and  oxygen,  may  be  regarded  as  the  special  chemical 
elements  of  organic  matter.  They  alone,  of  all  the  chemical  ele- 
ments, possess  the  power  of  forming  almost  unlimited  series  of  com- 
binations with  each  other,  and  those  series  again  are  endowed  with 
similar  powers  of  combination. 

This  attribute  adapts  them  to  the  purposes  of  organic  nature : 
without  it,  organic  matter  and  organic  bodies  could  have  no  exist- 
ence. The  chemical  elements  that  constitute  organic  matter,  are 
not  divested  of  their  special  nature,  properties,  or  relations,  when 
they  enter  into  its  composition :  they  do  not  cease  to  be  chemical 
substances  any  more  than  when  they  form  inorganic  compounds. 
The  older  physiologists  were  firmly  convinced  that  chemical  actions 
and  vitality  were  essentially  incompatible ;  and  many  physicians  of 
the  present  day  adhere  to  the  same  opinion.  From  the  imperfection 
of  chemistry,  the  chemical  actions  of  living  beings  could  not  be 
recognized  or  understood,  and  were  denied.  So  far  are  these 
opinions  from  the  truth,  that  vital  actions  and  organization  are 
impossible  without  chemical  action.  Organic  matter  is  not,  like 
inorganic,  an  originally  created,  self-existing,  and  indestructible 
substance,  as  it  was  supposed  to  be  by  BufTon.  The  vegetable 
kingdom  is  the  great  chemical  laboratory  of  nature,  in  which  are 
effected  the  decompositions  of  carbonic  acid,  water,  and  ammonia, 
in  order  to  obtain  the  four  essential  chemical  elements  of  organic 
matter,  and  to  combine  them  along  with  sulphur,  phosphorus,  &c., 
into  an  infinite  number  of  organic  matters,  vegetable  and  animal. 
These  are  the  materials  for  the  organization  and  development  of  the 
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plants  themselves,  and  animal  organic  substances,  for  the  construc- 
tion of  animals.  The  albuminoid  organic  substances,  named  by 
Liebig  vegetable  albumen,  vegetable  fibrin,  and  vegetable  casein, 
are  the  primary  or  crude  organic  substances,  elaborated  by  chemical 
action  in  vegetable  cells,  destined  to  the  production  of  animal  albu- 
men, fibrin,  and  casein,  the  crude  organic  plasmata,  or  substances 
from  which  are  formed  the  -immediate  organizable  or  plasmatic 
matters  of  the  different  animal  tissues.  These  last  organic  sub- 
stances are  produced  in  the  formative  act  of  nutrition  or  assimila- 
tion, at  the  moment  the  organic  form  of  the  special  animal  structure 
is  generated.  Thus,  musculin,  a  chemical  modification  of  albumen, 
does  not  exist  in  the  blood.  It  is  known  only  as  forming  the  or- 
ganic material  composing  the  solid  portion  of  the  muscular  fibrillin : 
the  transformation  of  the  albumen  must  take  place  in  the  muscular 
fibrilla  simultaneously  with  the  production  of  its  form.  The  or- 
ganic matter  of  animal  tissues  is  not  permanent.  From  the  great 
number  of  its  chemical  equivalents,  or  atoms,  it  is  highly  mutable. 
This  character  is  most  striking  in  some  structures,  as  in  mucous, 
glandular,  muscular,  and  nervous  tissues.  The  functional  actions 
of  organs  cause  waste  and  destruction  of  organic  material  propor- 
tioned to  their  activity.  This  is  a  result  of  chemical  action,  inclis- 
solubly  connected  with  vital  action.  In  vegetables,  the  predominant 
chemical  action  consists  in  the  deoxidation  of  organic  substances, 
the  oxygen  being  chiefly  discharged  into  the  atmosphere,  while  new 
organic  substances  are  produced,  as  wax,  oils,  acids,  &c,  from 
the  deoxidation  of  starch.  Oxidation  is  the  predominant  chemical 
process  in  animals.  The  oxygen  introduced  into  the  blood  by  the 
function  or  act  of  respiration,  combines  with  the  carbon  and 
hydrogen  of  the  organic  matters  of  the  blood  and  the  tissues. 
The  whole  chemical  arrangement  is  broken  up,  and  a  reduction 
of  the  complex  plastic  substance  into  simpler  bodies  takes  place, 
from  successive  processes  of  oxidation.  They  are  creatin,  creatinin, 
inosin,  inosic  acid,  uric  acid,  urea,  and,  in  addition,  lactic,  sulphuric, 
and  phosphoric  acids,  and  other  unknown  substances  that  lie  con- 
cealed in  the  extractive  matters  enumerated  by  the  chemists  as 
existing  in  the  blood  and  urine. 

Independent  of  these  normal  chemical  actions,  consisting  in  the 
molecular  changes  and  transformations  of  the  plastic  organic 
matter,  there  are  other  chemical  changes,  some  therapeutic,  some 
abnormal  or  pathological,  belonging  to  the  relations  of  the  plastic 
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or  organizable  substances  with  other  bodies.  Albumen,  fibrin,  and 
other  proximate  organic  bodies,  unite  chemically  with  many  of  the 
chemical  elements,  as  with  additional  quantities  of  oxygen,  or  with 
acids,  metallic  oxides,  and  earthy,  alkaline,  and  metallic  salts. 
Through  this  combination  some  of  these  substances  are  absorbed 
into  the  blood.  Doubtless  many  other  bodies  possess  chemical 
relations  with  the  plastic  organic  substances  of  the  blood  and 
tissues,  some  entering  into  combination  with  them,  others  exciting 
molecular  action  and  evolving  new  compounds,  or  transforming 
them  into  new  matters,  by  causing  new  molecular  arrangements 
and  production  of  new  organic  matters.  In  this  mode,  abnormal 
contagious  animal  poisons  are  generated  in  the  organism,  when  in- 
troduced into  it  by  inoculation  or  otherwise.  A  minute  quantity  of 
smallpox  matter  inserted  in  the  skin,  or  an  invisible  miasm  of  it 
inhaled  from  the  atmosphere,  acting  as  a  kind  of  ferment,  will  give 
rise  to  the  production  of  some  ounces  of  an  identical  matter,  in  a 
case  of  confluent  smallpox.  The  inoculation  of  a  small  quantity 
of  putrid  organic  matter  by  a  slight  wound  or  scratch  in  dissection, 
will  so  destroy  the  crasis  of  the  blood  as  to  cause  death.  Absorption 
of  sanious  discharges  from  the  uterus,  it  is  probable,  gives  rise  to 
some  of  the  fatal  forms  of  what  is  called  puerperal  fever.  And 
again,  the  normal  chemical  changes  attending  the  organic  actions  are 
accelerated  by  some  bodies,  as  acetate  and  nitrate  of  potash,  iodide 
of  potassium,  and  the  mercurial  preparations.  It  is  this  that  con- 
stitutes an  alterative  action.  Those  substances  are  organic  altera- 
tives. Other  substances  retard  those  changes  and  diminish  the 
waste  of  the  tissues;  such  are  alcoholic  liquors,  caffein,  thein,  and 
the  narcotics.  To  a  certain  extent,  it  may  be  the  action  of  some 
vegetable  tonics. 

The  whole  history  of  organic  matter,  it  is  apparent,  is  essentially 
chemical.  Itself  a  chemical  product,  it  is  incomprehensible  in  its 
infinite,  endless  forms,  and  incessant  changes,  without  a  knowledge 
of  chemistry.  It  is  the  elaborated  product  of  the  chemical  labora- 
tories of  nature — vegetable  organic  cells.  But  the  immediate  plastic 
material  of  each  tissue  of  an  organized  being,  always  a  special 
organic  material,  is  generated  or  assimilated  from  a  crude  plasma 
of  the  nutritive  fluid,  in  the  tissue  itself,  by  the  organizing  or  germ 
force  of  the  tissue.  The  formation  of  organizable  plastic  matter, 
necessitates  a  living  organism,  independent  of  which  it  can  have  no 
existence.    In  this  necessity,  we  have  the  scientific  demonstration 
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of  a  creation,  and  the  direct  primary  agency  of  a  Creator,  the  first 
cause  of  the  organized  world. 

Organic  chemistry  is  identified  with  physiology  and  medicine. 
No  absolute  progress  can  be  made  by  either  without  it.  The 
future  progress  of  both  those  departments  must  depend,  to  a  great 
extent,  on  the  development  of  its  principles  and  higher  perfection 
of  its  methods  of  investigation.  The  present  work,  principally  a 
translation  of  LehmanrCs  Handbook  of  Physiological  Chemistry,  is 
believed  to  be  the  best  adapted  to  initiate  the  student  in  a  know- 
ledge of  physiological  or  organic  chemistry,  indispensable  to  a 
scientific  medical  education. 


STATICAL  RELATIONS. 

The  animal  is  an  organism,  a  complicated  living  mechanism.  In 
carrying  on  its  numerous  and  diversified  operations,  it  presents  a 
great  variety  of  phenomena,  and  possesses  numerous  subordinate 
instruments,  each  appropriated  to  a  special  office.  They  are  termed 
organs  and  apparatuses  of  organs.  Each  organ  and  apparatus 
possesses  a  special  organization,  is  endowed  with  a  special  vital 
activity  and  properties,  performs  a  special  function,  and  manifests 
special  phenomena.  To  be  thoroughly  known,  they  must  be  sub- 
jected to  exact  analysis,  be  investigated  by  experiment,  as  are 
inorganic  bodies,  and  be  assigned  to  the  natural  class  to  which  their 
actions  and  phenomena  show  them  to  belong.  A  chemical,  physical, 
mechanical  or  dynamic  fact  does  not  lose  its  proper  nature  and 
attributes,  or  cease  to  be  subject  to  its  proper  laws,  because  it 
occurs  in  a  living  organism,  and  is  associated  with  special  vital 
facts  or  phenomena,  or  controlled  and  directed  by  vital  force. 

In  the  living  organism  of  man  are  found  to  concentre  all  the 
actions  and  phenomena,  chemical,  physical,  and  mechanical,  that 
exist  in  the  exterior  inorganic  world,  combined  with  those  peculiar 
to  organized  or  living  beings.  This  may  be  expressed  in  the  formula: 
inorganic  phenomena,  plus  organic  and  psychical  phenomena. 

The  chemistry,  physics,  and  mechanics  of  the  human  organism 
are  transcendental ;  they  are  each  the  development  of  the  highest 
possible  conception  in  each  branch  of  knowledge  ;  the  instruments 
that  execute  them  are  inimitable  by  any  of  man's  invention,  for  the 
purpose  of  exemplifying  the  phenomena  and  principles  of  the 
natural  sciences.    Such,  for  example,  is  the  eye  as  an  optical  instru- 
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merit,  the  ear  as  an  acoustic  instrument,  the  larynx  as  a  phonetic 
and  musical  instrument,  the  vascular  system  as  a  hydrostatic  appa- 
ratus, and  the  muscular  system  as  a  mechanical  mechanism. 

The  organism  of  man  in  action  is  a  locomotive  engine,  in  the 
perfection  of  its  machinery  and  adaptation  to  its  purposes,  infinitely 
beyond  any  similar  engine  that  man  ever  can  devise.  It  is  com- 
posed of  a  number  of  distinct  mechanisms,  or  machines  and  instru- 
ments, by  which  it  is  self-formative;  by  which  it  procures  and 
prepares  the  materials  for  its  repair  and  renovation,  conveys  them 
to  every  part  of  its  structure  where  they  are  required,  generates  its 
own  temperature  and  the  forces  that  work  its  machinery,  and  brings 
its  mechanical  powers  into  action. 

The  intelligence  for  whose  use  this  engine  exists,  whose  will  it 
obeys,  whose  work  it  performs,  that  rules  and  controls  it  for  the 
purpose  of  accomplishing  the  objects  of  life,  resides  in  and  is  a  com- 
ponent part  of  the  machine  itself.  The  intellect  is  to  the  human 
locomotive,  what  the  engineer  is  to  the  steam  locomotive.  It  em- 
ploys the  extraordinary  powers  of  this  wonderful  and  magnificent 
mechanism  to  mould  exterior  material  nature,  after  the  ideal  crea- 
tions of  its  own  interior  and  spiritual  nature,  evolved  in  ideas  and 
thought.  The  state  of  society  of  any  country,  its  institutions,  its 
works,  its  science,  its  arts,  the  meliorating  features  impressed  on 
the  rude  face  of  nature  by  its  industry  and  labors,  are  the  reflec- 
tion and  manifestation  of  the  intelligence,  knowledge,  and  moral 
character  of  its  people. 

By  his  locomotive  machinery,  aided  by  his  inventions,  that  ren- 
der it  more  efficient,  that  augment  his  powers,  man  overcomes  all 
the  barriers  and  obstacles  of  nature.  No  mountain  is  so  lofty  as 
to  be  inaccessible  to  his  footsteps,  no  valley  into  whose  depths  he 
cannot  penetrate ;  he  mounts  into  the  upper  regions  of  the  air  to 
gratify  his  curiosity ;  he  perforates  the  earth  and  descends  into  its 
bowels  thousands  of  feet  below  its  surface,  to  bring  forth  its  buried 
treasures;  the  wide  expaDse  of  ocean  he  has  made  his  highway; 
and  he  circumnavigates  the  earth  in  the  pursuit  of  pleasure,  science, 
or  wealth.  These  extraordinary  powers  he  owes  to  his  inventive 
faculties  and  the  knowledge  acquired  by  his  intelligence.  With 
their  aid  he  devises  the  required  means  that  enable  him  to  seize 
on  the  forces  and  appliances  of  nature,  to  turn  them  to  his  purposes, 
and,  through  their  agency,  to  triumph  over  nature  herself. 

The   amount   of  mechanical  force   and   power,   produced,    and 
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expended  in  the  daily  working  of  the  animal  machinery,  is  far 
beyond  what  can  be  conceived  by  those  who  have  not  investigated 
this  subject.  I  will  here  merely  state  that,  for  the  organic  functions 
of  respiration  and  circulation,  the  daily  amount  expended  is  not  less 
than  some  thousands  of  pounds;  and  a  considerable  sum  is  required 
for  the  daily  operations  of  the  ingestion  and  digestion  of  food  and 
expulsion  of  the  excretions ;  while  the  aggregate  result  during  labor 
and  locomotion  of  various  kinds,  is  often  enormous,  exceeding 
frequently,  two  millions  of  pounds  a  day.  The  immediate  mechanic 
force  by  which  the  mechanic  power  of  the  muscular  system  is 
brought  into  action,  is  generated  in  the  spinal  system,  the  anterior 
nervous  ganglia  of  the  spinal  cord  or  axis,  and  appears  to  be  either 
derived  from  a  transmutation  of  heat  into  the  nervous  motor  or 
excitor  force ;  or  that  force  and  heat  are  correlative.  A  direct 
relation  certainly  exists  between  the  two.  MM.  Jules,  Serres,  and 
other  plrysicists,  have  demonstrated  the  identity  of  heat  and  me- 
chanic force :  they  are  mutually  correlative  and  equivalent  to  each 
other.  This  fact  is  expressed  by  M.  Jules  in  the  following  for- 
mula : — 

One  degree  of  heat  is  equivalent  to  750  pound-feet.     Or, 
One  degree  of  heat  is  the  equivalent  of  a  mechanic  force  that  will 
raise  750  pounds  one  foot. 

The  same  principle  is  equally  true  and  applicable  to  animal  me- 
chanics. 

In  the  animal  mechanism,  the  heat,  the  equivalent  of  its  mechanic 
nervous  force,  is  evolved  by  the  oxidation  or.  slow  combustion, 
chiefly  of  carbon  and  hydrogen,  in  the  blood.  The  oxygen  is 
introduced  into  the  blood  by  the  process  of  respiration,  and  the 
hydro-carbons  and  carbo-hydrates,  by  the  food — as  oils,  sugar, 
starch,  &c.,  digested  and  prepared  by  the  functions  of  the  alimentary 
canal,  so  as  to  be  absorbed,  and  introduced  into  the  circulatory 
apparatus.  The  amount  of  pure  carbon  that  must  be  introduced 
into  the  blood,  by  the  food,  and  oxidized,  to  furnish  the  heat  cor- 
relative of  the  nervous  mechanic  force  each  day,  in  labor,  is  not 
less  than  from  10  to  12  ounces.  In  this  exhibition  of  facts  is  de- 
monstrated the  close,  immediate  connection  between  different  func- 
tions and  actions,  as  respiration,  digestion,  absorption,  circulation, 
oxidation,  animal  heat,  nervous  force,  and  mechanical  actions.  The 
working  power  of  man  is  a  product  of  the  food  on  his  dish;  it  comes 
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from  his  meals:  and  so  also  is  it  with  his  blood,  and  flesh,  his 
limbs,  organs,  and  viscera.  They  are  constructed  of  the  nitrogen- 
ized  organic  matters  of  food  digested  in  the  stomach,  absorbed  and 
assimilated. 

Food  or  aliment  is  the  commencement  of  organization;  it  may  be 
said,  of  life ;  for  the  first  vital  action  of  the  germ  is  to  absorb  and 
assimilate  nutritive  matter,  for  the  augmentation  of  germ  material, 
and  the  formation  of  the  germ  mass,  the  first  stage  in  the  develop- 
ment of  the  organism ;  and  the  whole  of  organic  or  nutritive  life 
is  the  repetition  of  its  first  commencing  act. 

FORCES,  OR  DYNAMICAL  RELATIONS. 

This  word  dynamics  is  derived  from  the  Greek  Swa^u?,  power, 
force,  rule.  It  was  confined  for  a  long  period  to  the  science  of 
mechanics,  to  designate  the  laws  and  actions  of  mechanical  machines 
and  movements  of  bodies. 

It  has  acquired,  with  the  progress  of  science,  a  much  more  extended 
application.  It  is  now  the  equivalent  or  synonym  of  forces,  and  is 
employed  to  express  the  science  of  acting  and  moving  causes,  not 
only  of  solids  or  mechanical  bodies,  but  of  all  actions  and  move- 
ments whose  cause  is  unknown.  In  this  sense  it  is  introduced  into 
medicine ;  and  in  physiology,  is  applied  to  designate  the  forces  of 
the  living  organism,  or  causes  of  its  actions;  and  in  therapeutics, 
is  used  by  some  to  express  the  causes  of  medical  action  as  dis- 
tinct from  the  medical  substance  itself.  In  the  mechanics  of  the 
muscular  system,  the  term  is  of  as  legitimate  application  as  in 
common  mechanics.  The  spinal  nervous  apparatus  is  a  dynamical 
system,  generating  forces  that  excite  and  control  muscular  actions, 
that  perform  the  mechanical  functions  of  the  economy. 

The  direct  meaning  of  the  word  force,  synonymous  with  dyna- 
mics, derived  from  the  Latin  fortis,  is  strength,  power,  energy. 
It  is  used  for  want  of  a  more  fitting  word  in  science  to  express 
an  abstract  idea,  a  result  of  a  mental  process  of  reasoning.  The 
•common  experience  of  our  senses  teaches  us  that  inorganic  bodies, 
at  rest,  never  move  unless  set  in  motion  by  an  impulse  derived 
from  some  other  body,  agent,  or  matter.  It  does  not  move  of 
itself.  Whatever  produces  the  motion,  is  regarded  as  the  cause 
of  the  motion,  and  the  mind  infers  it  exerts  an  action  indicating  a 
force  as  the  cause  of  the  motion  or  action. 
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But  movements  and  actions  are  observed  to  occur  often  without 
any  known  tangible  or  perceptible  cause  of  the  movement  or  ac- 
tion. Of  this  unknown  cause  of  action  and  movements,  the  mind 
forms  an  abstract  idea  by  a  process  of  reasoning,  as  a  force  or 
unknown  cause,  producing  actions,  movements,  or,  in  other  words, 
phenomena.  Phenomena,  actions  or  movements,  of  the  same  na- 
tures and  characters,  are  constantly  reproduced  under  the  same 
conditions.  The  mind  infers  from  this  circumstance  the  existence 
of  constant,  persistent,  and  special  forces.  The  term  force  has  no 
other  meaning — expresses  no  more  than  an  unknown  cause  for 
known  or  observable  phenomena. 

Phenomena,  recognizable  by  our  senses,  and  comprehensible  by 
the  intellectual  faculties,  are  numerous,  various,  and  different.  From 
their  resemblances,  coincidences,  and  differences,  always  permanent 
and  consistent,  they  are  capable  of  being  arranged  into  divisions, 
classes,  orders,  genera,  &c. :  that  is,  the  mind  arranges  and  classifies 
phenomena  according  to  the  above  circumstances  of  agreements  and 
dissimilarities  which  are  observed  to  exist  in  nature. 

The  forces  to  whose  action  the  special  phenomena  observed  in 
nature  are  to  be  attributed,  are  divisible  into  two  classes :  the 
physical  or  general,  and  the  organic  or  vital  forces.  The  first  are 
classed  and  named  by  physicists,  as  gravity,  light,  electricity,  mag- 
netism, and  chemical  affinity.  These  terms  in  reality  express  no 
more  than  constant  modes  of  actions,  or  phenomena :  characterized 
by  Mr.  Grove  as  "  affections  of  matter."  They  are  the  only  forces 
recognized  by  physicists.  To  which,  it  appears  to  me,  are  to  be 
added  the  second  class,  or  vital  forces.  They  are,  1st,  organic,  or 
formative  force  ;  2d,  the  spinal  nervous  excitor,  and  motor  forces  ■ 
and  3d,  muscular  contractility,  or  irritability. 

Before  proceeding  further  in  this  discussion,  it  will  be  necessary 
to  make  a  short  digression  for  the  better  understanding  of  this 
subject. 

It  is  a  remarkable  feature  of  intellectual  operations,  that  from 
the  earliest  period  of  knowledge,  of  science,  and  philosophy,  down 
to  our  day,  two  distinct  modes  of  viewing  this  subject,  two  oppo- 
site sides  of  this  question  have  occupied,  and  been  presented  by, 
thinking  and  observing  minds.  The  ideas  arising  from  these 
views  have  lain,  and  yet  lie,  at  the  root  of  scientific  principles 
and  philosophic  thought,  forming  two  antagonist  schools.  They 
generally   date  from   two   of   the   eminent   intellects  of    Grecian 
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origin,  Pythagoras,  born  584  B.C.,  and  Thales,  640  B.C.  The 
first  taught  that  matter  was  incapable  of  any  action  or  movements 
from  its  innate  powers.  God  was  the  power  whence  all  natural 
phenomena  proceeded  through  subordinate  agents.  This  is  the 
origin  of  the  spiritual  philosophy  and  the  modern  dynamic  theories. 

The  abuses  and  perversions  of  this  doctrine  by  the  ignorant,  and 
those  incapable  of  enlightened  and  broad  intellectual  views,  have 
produced  ontology  in  science,  and  superstition  in  religion. 

Thales,  on  the  other  side,  regarded  matter  as  possessed  of  inherent 
or  innate  forces  and'  properties,  from  which  all  natural  phenomena, 
and  all  objects,  animate  and  inanimate,  have  proceeded,  and  con- 
tinue to  be  produced.  This  is  the  material  school,  and,  pushed  to 
its  extreme  results,  leads  to  atheism. 

In  our  time,  the  first  of  these  primary  conflicting  opinions  is 
represented  by  the  doctrine  that  matter  is  devoid  of  active  forces, 
and  that  phenomena  are  dependent  on  imponderable  forces  acting 
on  ponderable  matter,  changing,  modifying  its  states,  conditions,  and 
forces ;  and  are  the  sole  causes  of  action  or  phenomena. 

The  second  is  embodied  in  the  doctrine  that  matter  is  endowed 
with  active  forces  as  properties,  by  and  through  which,  all  the  phe- 
nomena of  nature,  its  forms,  actions,  motions,  molecular  or  in  masses, 
are  accomplished.  This  doctrine  escapes  from  the  inevitable  con- 
clusion to  which  it  leads — atheism — in  attributing,  as  is  done  by 
some,  the  possession  of  these  properties  by  matter,  as  endowments 
conferred  on  it  by  the  Supreme  Creator. 

Modern  researches  have  shown  that  the  forces  of  nature,  pre- 
viously enumerated,  are  correlative,  cannot  exist  independent  of, 
and  are  convertible  into,  each  other. 

The  conclusion  from  the  above  facts  and  views,  is  that  what  are 
termed  natural  or  physical  forces,  are  no  more  than  modes  of  mani- 
festation of  one  force,  one  agent.  In  1836-7,  I  advanced  this 
opinion,  and,  in  addition,  that  the  phenomena  of  living  beings  were  to 
so  great  an  extent  identical  with  the  ordinary  phenomena  of  physics, 
that  "  Physiology  might  very  properly  be  designated  as  organic 
physics."  In  1843,  Mayer,  of  Heilbron,  promulgated  the  same 
opinion.  But  it  was  Mr.  Grove,  of  London,  who  first,  in  a  complete 
treatise,  undertook  to  prove  the  truth  of  this  proposition.  In  a  2d 
edition,  1850,  he  throws  out  the  conjecture  that  the  doctrine  of 
correlation  will  apply  in  physiology;  and  cites  muscular  action  and 
animal  heat  as  probable  instances.     This  very  application  of  the 
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doctrine  I  had  made  the  year  previous,  1849,  to  animal  mechanic 
force  as  correlative  of  heat,  in  a  paper  read  at  the  meeting  of  the 
American  Medical  Association,  held  in  Boston. 

This  doctrine  was  announced  by  me  as  early  as  1837,  in  a  pub- 
lished lecture.  This  proposition  was  then  laid  down,  "  that  the 
same  causes  and  actions  which  in  inorganic  bodies  constitute 
physics,  in  organic  bodies  constitute  physiology,  or,  as  it  may  be 
more  aptly  termed,  organic  physics." 

The  idea  then  broached,  subsequently  ripened  into  a  complete 
development ;  and  my  lectures  were  arranged  on  a  plan  in  con- 
formity to  it. 

Dr.  Carpenter,  in  the  preface  to  the  third  edition  of  his  General 
and  Comparative  Physiology,  claims  "  as  more  particularly  his  own," 
the  doctrine  of  the  "  mutual  connection  of  the  vital  forces  and  their 
relation  to  the  physical."  I  indulge  the  hope  that  this  statement  of 
similar  views  promulgated  by  myself  eighteen  years  since,  annually 
repeated  and  so  extended  as  to  form  a  full  section  of  my  course, 
will  not  be  considered  out  of  place  on  this  occasion,  or  subject  me 
to  the  imputation  of  egotism. 

The  doctrine  of  the  correlation  of  the  physical  forces  has  been 
generally  adopted ;  and  consequently,  if  a  clear  insight  has  been 
obtained  of  the  nature  of  any  one  or  more  of  them,  that  of  all  the 
others  must  be  similar  or  identical.  Whatever  theory  is  adopted 
to  explain  the  phenomena  of  one  must  be  applicable  to  the  others. 

Now,  as  respects  two  of  the  forces,  light  and  heat,  physicists  have, 
without  an  exception  at  this  time,  embraced  the  dynamical  or 
undulation  hypothesis.  According  to  this  doctrine,  the  phenomena 
of  light  and  heat  are  due  to  motion  or  modulatory  vibrations  excited 
in  an  aerial  fluid  existing  throughout  the  universe,  occupying  the 
interplanetary  spaces,  and  penetrating  and  existing  in  the  interstices, 
and  surrounding  the  molecules  of  the  densest  bodies,  whether 
inorganic  or  organic.  This  fluid  is  named  the  Ether.  It  is 
mentioned  by  Aristotle;  Newton  advocated  the  hypothesis,  and 
employed  it  in  solving  some  of  his  philosophical  problems ;  he 
estimated  its  specific  gravity  as  750  times  less  than  the  difference 
between  the  atmosphere  and  granite  rock.  Euler  assumed  that  the 
ether  is  36,000,000  times  thinner,  and  1,278  times  more  elastic  than 
atmospheric  air. 

The  grounds  of  this  hypothesis  are  by  no  means  vague.  It  is 
clear,  without  any  doubt,  that  in  vision  or  seeing  there  must  exist 
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some  agent  or  body  between  the  retina  of  the  eye,  the  nervous 
sensitive  tissue  or  membrane,  and  the  exterior  visual  object.  The 
retinal  membrane  is  the  portion  of  the  eye  that  receives  the  direct 
impressions  proceeding  from  the  external  body.  In  this  impres- 
sion, in  reality,  consist  light  and  color.  It  is  not  a  single 
and  simple  membrane,  but  a  complex  one ;  it  is  composed  of 
thousands  of  minute,  independent  and  distinct  sensitive  spaces,  or, 
as  they  may  be  regarded,  associated  retinas.  Each  one  of  these 
receives  a  separate,  distinct  impression,  coming  from  each  separate 
distinct  point  of  the  exterior  body  seen,  a  perfect  miniature  mosaic 
picture  of  which  is  thus  represented  on  the  retina,  or  is,  it  may 
be  said,  pricked  into  it  by  the  rays  of  light ;  or,  more  properly,  the 
undulations  of  the  molecules  of  the  ether. 

This  body,  this  agent  intermediate  between  external  bodies  and 
the  retina,  exists  in  the  interior  of  the  eye,  diffused  through  all  its 
tissues  and  interior  media.  It  is  the  sole  normal  or  physiological 
excitor  of  the  special  nervous  sensibility  of  the  retina,  and  the 
nervous  central  optical  organs,  provided  in  the  order  of  nature,  that 
animals  may  possess  the  function  of  vision.  This  is  effected  by  the 
immediate  relation  this  agent  possesses  with  the  nervous  sensibility 
of  the  retina  of  the  optic  nerve  and  the  optic  lobes.  The  two  must 
be  closely  related,  and  analogous  or  identical  in  their  nature  or 
innate  constitutions. 

This  accumulation  of  scientific  probabilities  almost  amounts  to  a 
demonstration  that  a  body  or  most  tenuous  fluid  is  present  between 
all  external  bodies  and  the  retina  in  the  eye  of  animals.  It  is  not 
the  atmosphere,  for  it  cannot  penetrate  the  cornea,  the  lens,  or  the 
humors  of  the  eye.  Its  presence  would  be  injurious  to  vision  by 
disturbing  the  course  of  the  rays  of  light. 

Vision  is  not  limited  to  the  surface  of  our  globe;  it  extends  to  the 
infinitely  remote  regions  of  space,  and  consequently  the  ether,  whose 
systems  of  undulations  or  waves  traverse  those  immeasurable  dis- 
tances, and,  impinging  on  the  retina,  cause  light,  or  vision,  must  fill 
all  space. 

The  present  philosophical  hypothesis  of  physical  or  natural 
forces,  presented  in  the  preceding  summary,  in  the  present  state  of 
our  knowledge  must  be  accepted  as  the  truest  exposition  of  the 
causes  of  natural  phenomena.  Having  it  before  us,  we  are  better 
prepared  to  examine  the  relation  in  which  they  stand  to  the  forces 
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that,  in  the  living  organism  of  man,  are  the  causes  of  its  special 
actions  and  phenomena. 

These  forces  are  manifested  in  the  organic  actions  of  which  they 
are  the  causes,  and  must  be  studied  and  interpreted  through  them. 
In  this  manner  alone  can  their  identity  or  diversity,  their  correla- 
tion or  irrelevancy  with  the  physical  forces  be  correctly  appreciated 
and  determined. 

ORGANIC  FORCES. 

The  only  forces  and  phenomena  that  can  properly  be  named 
organic  or  vital,  are  such  as  are  exclusively  found  in  organized  and 
living  beings.  Two  series  of  phenomena  alone  possess  this  charac- 
ter. They  are,  for  the  first  series,'  the  production  of  a  formless 
plastic  matter,  and  the  development  of  typical  organic  forms— tis- 
sues, organs,  organisms — from  this  formless  material,  and  their 
maintenance  by  growth  and  nutrition.  For  the  second  series,  they 
are  the  nervous  excito-motor  forces,  and  muscular  contractility. 
Sensibility  and  intelligence,  or  the  psychological  actions,  are  nervous 
phenomena,  to  which  the  term  force,  and  the  actions  of  force,  are 
not  applicable. 

The  first  series  is  common  to  all  organic,  or  living  beings — vege- 
table and  animal :  the  last  exists  exclusively  in  animals. 

As  the  causes  of  the  above  phenomena  present  special  characters 
that  distinguish  them  as  much  from  the  physical  forces  as  they  are 
themselves  distinguished  from  each  other,  I  can  perceive  no  valid 
reason  why  they  should  not  be  placed  in  a  separate  class,  named 
organic  forces,  as  they  are  most  clearly  the  antecedents,  or  causes 
of  especial  organic  phenomena,  or  actions.  Guided  by  the  light 
of  our  present  philosophy,  the  organic  or  vital  forces  are  regarded 
by  many  physiologists,  among  them  Dr.  Lehmann,  the  author  of 
this  work,  as  correlative  of  the  common  forces  of  the  inorganic 
world. 

I  now  proceed  to  an  investigation  of  the  phenomena  character- 
istic and  distinctive  from  all  others,  that  are  specially  organic,  that 
are  exclusive  to  living  beings  and  to  animal  life.     The  first  is — 

OEGANIC,  FORMATIVE,  OR  VITAL  FORCE. 

This  force  presides  over  all  organic  beings — vegetable  and  animal. 
No  organic  form  or  action,  or  any  phenomena  of  life,  can  have 
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existence  in  its  absence.  It  is  as  perfect  in  the  lowest  and  simplest 
as  in  the  most  complex  and  elevated  of  organic  beings ;  in  the 
monad  as  in  man ;  in  the  cell  vegetable  as  the  oak  ;  in  the  lowest 
form  of  tissues  as  in  the  most  complex  and  developed. 

Organic  force  is  the  first  cause  of  organic  forms.  Modality,  or 
the  production  of  organic  forms  from  a  formless,  plastic  fluid,  or 
organic  matter,  is  its  distinctive  characteristic.  It  is  embodied  in 
the  germ.  No  living,  no  organic  form,  endowed  with  vital  activity, 
ever  had  existence,  or  can  exist,  independent  of  germs.  Every 
organic  form  is  the  realization,  in  an  appropriate  and  special  or- 
ganic material,  of  an  ideal  model,  or  type,  of  that  form. 

This  force  is  not  self-acting.  It  is  dormant  like  electricity,  caloric, 
light,  until  excited  into  action.  A  definite  temperature  is  an  indis- 
pensable condition.  In  warm-blooded  animals,  100°  F.  to  102°  F. 
in  the  blood,  is  the  normal  temperature.  Below  this,  say  96°  to  97° 
F.,  germ  development  is  imperfect,  and  arrested  in  its  first  stage. 

ORGANIC,  OR   VITAL   ACTION. 

The  result  of  the  activity  of  organic  force,  excited  by  caloric,  or 
heat,  is  the  production  of  an  organic  action,  life  or  formative  action, 
summed  up  in  the  term  nutrition.  The  nature  and  constituent 
factors  of  this  action  are  now  to  be  analyzed. 

It  is  a  compound  action,  composed,  1st,  of  the  production  of  an 
immediate,  or  special  plastic  organic  matter,  from  a  crude  or  proto- 
plasm ;  2d,  of  the  creation,  or  production  of  special  organic  forms 
from  the  organic  plastic  matter  ;  3d,  of  the  death,  or  chemical  dis- 
integration of  the  organized  substance  of  the  interior  structures, 
and  its  transformation  into  simpler  and  lower  combinations,  form- 
ing the  matters  and  substances  of  the  excretions  ;  4th,  the  moulting, 
desquamation,  or  casting  off  the  dead  and  recremental  material  of 
the  organic  structure  of  the  internal  and  external  surfaces,  in  com- 
munication with  the  exterior  world.  At  the  same  time,  new  or- 
ganic forms,  and  organized  structure  are  being  produced. 

The  organic  plastic  matter  is  special  for  each  tissue — musculin  is 
the  material  for  muscular  tissues,  neurin  for  nerve  tissue,  the  vari- 
ous gelatiniform  materials  for  areolar,  serous,  fibrous  tissues,  &c. 
Organic  forms  are  equally  various.  Each  tissue  and  each  organ 
has  its  speciality  of  form,  and  arrangement  of  its  component  parts. 
These  component  parts,  each  having  a  special  plasm  and  a  distinct 
organization,  are  interwoven  with  the  utmost  intricacy,  necessitating 
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different  and  complicated  chemical  and  constructive  processes  simul- 
taneously occurring  in  the  same  place  and  same  moment  of  time, 
which  are  utterly  inexplicable  and  impossible  as  the  operations  of 
the  physical  forces. 

The  organic  form  produced  is  maintained  amidst  the  incessant 
decomposition  of  the  organic  substance  in  which  the  type  of  form  is 
expressed.  This  is  the  most  significant  and  characteristic  fact  of 
the  organic  or  life  action.  It  individualizes  and  separates  it  from 
every  other  kind  of  action.  All  inorganic  forms  are  maintained 
by  the  absolute  repose,  or  equilibrium  of  molecular  actions.  The 
form  is  destroyed  utterly,  when  molecular  actions  are  excited. 

Incessant  molecular  activity,  and  persistence  of  form,  are  the 
essentialities  of  organic,  or  life  action.  The  cessation  of  the  special 
molecular  activity  of  living  structure,  is  productive  of  the  cessation 
of  organic,  or  life  action :  it  is  death.  The  organic  force  disap- 
pears ;  chemical  affinity,  that  was  forced  by  it  to  effect  special  com- 
binations of  chemical  elements,  to  form  special  plasmata,  is  now 
set  free,  to  exert  its  natural  tendencies,  and  the  result  is  putrefac- 
tion, if  the  temperature  be  such  as  to  excite  it  into  a  certain  degree 
of  activity. 

An  organic  action  analyzed,  reduced  to  its  component  phenomena, 
presents  evidences  of  the  combination  of  the  following  series  of 
actions  and  phenomena : — 

1.  Organic,  or  formative  force,  producing,  creating  it  may  be  said, 
organic  forms,  or  manifesting  modality,  stamping  the  form  after  an 
ideal  type  of  tissue,  or  organ.  2.  Chemical  affinity,  chained,  con- 
trolled, and  forced  into  the  formation  of  special  chemical  combina- 
tions and  formation  of  plasmata.  3.  Chemical  disintegration,  retro- 
grade chemical  products  to  be  eliminated,  or  the  dead  organic 
material  desquamated,  and  thrown  off  from  exterior  surfaces. 

This  series  and  union  of  forces  and  actions,  entering  into  an  or- 
ganic, or  life  action,  can  occur  and  exist  only  under  absolute  special 
conditions.  These  are,  1st,  the  presence  of  organic  force  embodied 
in  a  germ ;  2d,  a  crude  organic  plasm ;  albumen  in  animals  of  the 
higher  classes,  capable  of  transformation  into  special  plasmata  •  3d 
a  definite  temperature  of  100°  to  102°  F.;  4th,  oxygen,  to  effect,  by  its 
direct  action,  the  chemical  decompositions  of  the  organized  mate- 
rials wasted  in  the  organic  actions,  and  indirectly  accomplishing 
the  same  result  by  the  thousand  acts  of  oxidation  occurring  in  the 
organism,  generating  its  temperature,  and  maintaining  the  endless 
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chemical  actions  required  for  the  production  of  the  secretions  ex- 
cretions, and  numerous  other  products  of  the  economy. 

The  preservation  of  the  above  conditions  of  organic,  or  life  actions 
is  the  object  of  dietetics  and  regimen,  or  art  of  preserving  health  • 
and  the  investigation  of  those  conditions,  in  all  their  varied  rela- 
tions, constitutes  the  science  of  hygiene.  Their  restoration,  when 
in  an  imperfect  state,  or  in  any  mode  disordered  so  as  to  con- 
stitute disease,  is  the  object  of  therapeutics  and  the  practice  of 
medicine. 

NERVOUS,  OR  MECHANIC  FORCE. 

This  force  is  wholly  dissimilar,  in  every  respect,  to  organic  force. 
The  character  and  object  of  this  force,  is  to  work  the  machinery  of  the 
organism  so  as  to  bring  into  operation  the  mechanical  power  of  the 
organism  required  for  various  objects  indispensable  to  its  existence, 
to  maintain  the  conditions  of  the  organic  actions,  and  for  the  pur- 
poses of  animal  existence  in  the  creation.  Its  most  perfect  mani- 
festations are  in  animals  of  the  higher  classes. 

This  nerve  force  is  generated  in  the  spinal  cord,  or  axis,  and  the 
cerebral  axis,  medulla  oblongata,  crura  cerebri,  thalami,  and  corpora 
striata.  These  organs  cor^titute  the  dynamic,  or  force  generating 
apparatus.  Mechanic  nerve  force  is  to  the  animal  organism  what 
steam  is  to  the  locomotive.  The  dynamic  apparatus,  or  cerebro- 
spinal axis,  is  in  the  organism  what  the  boiler  is  in  the  steam 
engine. 

This  statement  exhibits,  in  strong  relief,  the  difference  between 
organic  and  nervous  force.  The  first  exhibits  no  mechanic  power 
in  the  organism,  produces  no  direct  mechanic  effect.  It  is  limited 
to  the  molecular  actions  required  for  the  production  of  plastic  matter 
and  organic  forms. 

The  spinal  nerve  force  is  exclusively  manifested  in  the  mechanical 
movements  of  masses,  as  of  the  circulation  of  the  blood,  the  expan- 
sion of  the  chest  in  respiration,  in  movements  of  the  limbs  and  body 
in  locomotion,  and  in  the  production  of  other  mechanical  effects. 

Notwithstanding  these  wide  and  strongly  marked  differences 
between  them,  the  two  have  been,  and  continue  to  be,  confounded 
together  as  one — as  identical.  This  error,  regarding  nerve  force  as 
an  organizing  force,  as  the  cause  of  all  organic  phenomena,  was 
committed  by  Oken,  by  Carus,  by  Klencke,  by  Unger,  by  Lamarck, 
Legal! ois,  and  Dutrochet,  and  is  yet  entertained  by  many  French 
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and  German  physiologists.  It  is  advocated  by  a  distinguished 
teacher  in  this  city,  who  bases  many  of  his  pathological  views  on 
this  hypothesis.  This  error  arises  from  not  analyzing  the  complex 
phenomenon  of  an  organic  action,  and  of  not  studying  it  in  its  first 
inception  in  the  formation  of  germ  matter,  and  development  of  the 
multiplication  of  the  germ  into  the  embryonic  germ  mass,  the  first 
stage  of  the  animal  organization ;  and  further,  the  ignoring  of  the 
process  of  development  in  the  seeds  of  plants,  and  of  their  organ- 
ization. To  find  the  truth,  it  is  not  to  be  sought  in  complicated 
phenomena,  but  in  the  simplest,  in  which  its  expression  is  clear  and 
distinct. 

Nerve  force  has  been  shown  to  be  limited  to  an  apparatus. 
Actions  or  phenomena  requiring  an  organ  or  apparatus  are,  and 
must  be,  functional.  Nerve  force  is,  consequently,  a  function  or 
office  of  the  organs  and  apparatus  on  which  it  depends — the  spinal 
dynamic  apparatus.  The  apparatus  itself  is  constructed  by  the 
formative  organic  actions  directed  and  maintained  by  organic  or 
vital  force. 

Spinal  nerve  force  is  restricted  to  two  series  of  phenomena — ex- 
citation of  muscular  mechanical  actions  and  of  general  sensibility. 
Organic  or  vital  force  is  universal  in  the  organism ;  it  requires  no 
apparatus.  It  is  present  in  every  act  of  life,  in  every  tissue,  in  the 
simplest  as  in  the  most  complex :  it  is  active  in  every  living 
organic  molecule. 

Spinal  nerve  force  is  composed  of  two  distinct  forces — an  excitor 
force  and  a  motor  force.  Each  has  a  separate  nervous  apparatus  or 
combination  of  organs  for  its  manifestation. 

Excitor  Nerve  Force. 

The  first,  or  excitor  force,  has  a  close  affinity  with  sensibility;  they 
are  constantly  confounded.  It  is  an  excitor  of  general  sensibility, 
as  well  as  of  motor  force.  It  is  somewhat  difficult  to  distinguish 
between  them.  Sensibility  may,  possibly,  be  no  more  than  the 
mental  perception  and  consciousness  of  the  excited  state  of  the 
excitor  force,  or  of  the  afferent  nerves.  The  excitor  force,  like 
special  sensibility,  is  in  contact  with  the  exterior  world.  Impres- 
sions on  the  skin  or  mucous  membranes  excite  it  into  action,  as  cold 
air,  or  water  sprinkled  on  the  face,  recalling  respiration  in  fainting 
and  worms  or  indigestible  food  in  the  alimentary  canal,  causing 
convulsions  or  spasms. 
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Certain  irritations  and  impressions  also  of  which  we  have  no 
consciousness,  excite  its  action  normally,  as  in  respiration,  main- 
tained by  the  unconscious  presence  of  carbonic  acid  or  black  blood 
in  the  lungs,  and  abnormally  by  splinters  lodged  in  fascias,  causing 
no  sensation,  yet  producing  tetanus  after  the  wound  has  healed. 

It  is  independent  of  the  brain  or  cerebrum.  This  is  shown  in 
complete  palsy  of  sensation  and  motion,  caused  by  injuries  to  the 
spine.  The  lower  extremities  will  be  drawn  up  violently,  from 
tickling  the  soles  of  the  feet,  though  the  patient  is  unconscious  either 
of  the  sensation  or  the  movement  of  the  limb. 

The  apparatus  of  the  excitor  force  are  the  posterior  ganglia  of  the 
spinal  marrow  or  axis,  of  the  medulla  oblongata,  and  nerves  commu- 
nicating between  those  nerve  centres  and  exterior  and  interior  sur- 
faces. These  nerves  have  ganglia  on  their  roots,  which  is  a  distin- 
guishing character,  though  their  office  yet  remains  unknown.  All 
impressions  on,  or  states  or  conditions  of  surfaces  are  transmitted 
to  the  excitor  ganglia  or  the  posterior  nerve  centres  of  the  spinal 
cord  and  medulla  oblongata. 

Motor  Force. 

The  second  or  especial  relation  of  motor  force  is  with  muscular 
contractility,  and  its  function  is  to  excite  muscular  contractions 
from  which  result  mechanical  effects. 

The  apparatus  to  which  it  belongs,  and  through  which  it  acts,  are 
the  anterior  ganglia  or  nerve  centres  of  the  spinal  marrow  or  axis 
and  medulla  oblongata,  and  the  nerves  that  place  them  in  connection 
with  the  muscular  system.  These  nerves  have  no  ganglia  at  their 
roots.  This  force  is  the  direct  physiological  excitor  of  muscular 
contractility;  and,  in  the  normal  state,  is  the  only  proximate  cause 
of  muscular  action. 

Excitor  and  motor  force  are,  in  the  organism,  constantly  asso- 
ciated in  action.  The  continuous  play  of  the  respiratory  muscles, 
of  the  heart,  of  the  muscular  coats  of  the  stomach  and  intestines, 
is  maintained  in  this  manner.  They  are  involuntary  machine  or 
automatic  actions.  The  two  forces  are  not  identical,  and  often  act 
independent  of  each  other.  Irritation,  or  any  excited  state  of  excitor 
nerves  and  surfaces,  will  cause  pain  without  producing  muscular 
actions  or  influencing  motor  force,  as  in  some  pure  neuralgias.  Sen- 
sations and  muscular  actions  sometimes  occur  simultaneously,  are 
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connected,  but  more  frequently  sensations  are  unattended  with 
muscular  actions. 

The  nervous  force  exhibits  in  some  of  the  inferior  animals 
remarkable  varieties  of  susceptibility  to  the  impressions  of  external 
bodies.  The  Batrachians,  when  placed  in  water  of  the  temperature 
of  100°  to  110°  F.,  are  immediately  thrown  into  a  state  of  spasmodic 
rigidity ;  a  tetanic  state  is  developed,  which  in  a  short  time  would 
prove  fatal.  If  in  this  state  they  are  thrown  into  water  of  the 
ordinary  temperature  of  spring  water,  45°  to  48°  F.,  the  spasm 
immediately  ceases,  and  they  resume  their  usual  activity.  In  the 
Ophiura,  or  Luidia,  a  species  of  the  starfish,  the  very  reverse  of 
what  occurs  in  the  frog  is  observed.  If  taken  from  sea  water,  and 
plunged  into  fresh  water  of  the  same  temperature,  they  die  instantly 
in  a  state  of  the  strongest  tetanic  extension  and  rigidity. 

Motor  force,  associated  with  and  excited  by  excitor  force,  pro- 
duces what  are  called  reflex  actions.  This  name,  though  generally 
employed,  is  objectionable,  as  it  involves  a  hypothesis  which  has 
not  been  verified.  Excito-motor  actions  and  automatic  actions 
are  preferable,  as  they  indicate  positive  phenomena. 

Motor  force  is  also  excited  into  action  by  other  causes,  the  whole 
forming  four  classes  of  actions. 

The  first  is  the  excito-motor  or  automatic  actions  as  above  de- 
scribed, constituting  involuntary  actions. 

The  second  are  the  excitements  of  the  motor  force  by  the  emo- 
tions, constituting  emotional  actions. 

The  third  are  the  excitements  of  the  motor  force  by  acts  of  the 
mind,  attended  with  a  consciousness  of  the  mental  action,  and  are 
called  voluntary  actions.  By  these  actions  is  carried  out  some 
determination,  or  is  accomplished  some  desire  or  purpose,  or  is 
fulfilled  some  idea. 

The  fourth  is  a  new  class,  unknown  to  metaphysicians,  but 
recognized  by  physiologists.  Motor  muscular  force  is  often  ex- 
cited by  a  fixed,  strongly  impressed  and  vivid  idea,  without  that 
active  participation  of  the  consciousness  that  is  called  volition. 
Hence  the  individual  is  unaware  of  the  cause  of  the  muscular 
action,  and  in  some  instances  is  unconscious  of  its  occurrence. 

The  nervous  excito-motor  or  mechanic  force  is  not  constant ;  it 
varies  incessantly.  The  apparatus  generating  it  is  exhausted  by 
prolonged  muscular  exertions.  This  state  is  expressed  by  a  sense 
of  weariness,  lassitude,  or  fatigue,  according  to  the  degree  of  ex- 
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haustion  induced.     It  is  renovated  by  repose,  from  which  proceed 
feelings  of  vigor  and  activity. 

The  following  are  the  conditions  indispensable  to  its  generation 
and  normal  action  : — 

1.  Gray  neurine  vesicles  grouped  into  centres  or  species  of  ganglia 
in  the  posterior  and  anterior  cornua  of  the  spinal  axis  and  in  the 
medulla  oblongata. 

2.  Nerves  communicating  between  interior  and  exterior  surfaces 
and  the  posterior  ganglia  of  the  spinal  axis — afferent  or  excitor 
nerves;  and  nerves  communicating  between  the  anterior  ganglia 
of  the  spinal  axis  and  muscles — efferent  or  motor  nerves. 

3.  Ked  blood  corpuscles,  in  the  proportion  of  130  to  140  to  1000 
of  dry  blood,  or  510  to  520  of  liquid  blood. 

4.  A  temperature  of  100°  F.  in  the  blood. 

The  identity  of  electricity  and  nervous  force  is  a  favorite  suppo- 
sition with  many  writers  at  this  time.  The  facts  relied  on  are  far 
from  being  positive.  Those  of  Matteucci  and  Du  Bois  Eaymond 
possess  the  largest  amount  of  probability,  but  are  not  absolutely 
demonstrative. 

Molecular  action  is  always  attended  with  electrical  phenomena. 
This  kind  of  action  is  a  constant  characteristic  of  vital  activity : 
and  in  those  tissues  and  organs  in  which  molecular  action  is  ener- 
getic, electric  phenomena  are  the  most  clearly  manifested.  Every 
living  organism,  as  a  whole,  and  in  its  several  structures,  is  an 
electro-genetic  apparatus. 

During  life,  the  muscles,  and  the  mucous  membranes  and  skin, 
exhibit,  with  the  galvanoscope,  the  most  marked  and  highest  evi- 
dences of  free  electricity.  The  nervous  structure  fails  to  affect  this 
instrument  in  a  decided  manner,  though  the  more  delicate  sensitive- 
ness of  "  the  prepared  frog's  leg"  proves  its  existence.  This  fact 
tends  rather  to  show  a  less  degree  of  electrical  development  in  nerve 
structure,  corresponding  with  slower  molecular  changes  of  organic 
substance,  than  in  muscles  and  mucous  membranes. 

Du  Bois  Eaymond  has  demonstrated,  by  the  peculiar  apparatus 
he  has  constructed,  and  by  his  manipulations,  that  dead  nerve  struc- 
ture exhibits  a  feeble  electric  current.  This  can  scarcely  be  con- 
strued as  an  evidence  that  the  nerve  force  of  the  living  apparatus 
is  electricity.  There  is  also  a  source  of  fallacy  in  the  experiment 
that  has  not  been  noticed.  Spallanzani  had  observed  the  fact  that 
organized  structure,  when  dead,  until  putrefaction  has  commenced, 
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continues  to  exhibit  the  constant  phenomena  of  living  structures,  the 
absorption  of  oxygen  and  elimination  of  carbonic  acid.  Robin  and 
Verdeil  assert  that  they  have  verified  the  correctness  of  this  obser- 
vation. This  chemical  action  must  of  course  generate  electric 
currents. 

Although  the  proofs  of  the  identity  of  nervous  force  and  elec- 
tricity remain  as  yet  inconclusive,  there  is  every  reason  to  regard 
as  probable  a  correlation  between  them;  and  that  nervous  force 
belongs  to  the  same  class ;  that  it  is,  in  fact,  a  special  modification 
of  the  physical  forces  manifested  in  living  organisms,  and  adapted 
to  the  special  class  of  mechanical  actions  in  them.  It  is  ether 
transformed  into  nerve  force,  or  this  last  is  itself  a  modification  of 
ether. 
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The  foregoing  views  respecting  the  forces  of  the  organism  are  at 
variance  with  the  doctrine  of  the  author  of  this  work,  Dr.  Leh- 
mann.  They  are  the  opinions  I  formed  early  in  my  professional 
studies,  and  have  been  since  entertained  by  me.  The  conviction 
of  their  general  truth  has  strengthened  with  time  and  increased 
knowledge.  The  facts  and  arguments  of  Dr.  Lehmann  have  been 
carefully  considered  and  weighed,  but  have  failed  to  convince  me 
of  their  correctness,  or  to  weaken  confidence  in  my  previous  con- 
clusions. 

It  is  a  fault  not  unfrequent  with  those  absorbed  in  the  pursuit  of 
the  positive  sciences,  and  accustomed  to  find  the  objects  of  their 
researches  subject  to  the  application  of  fixed  laws,  and  their  diffi- 
culties solved  by  experimental  demonstration,  to  expect  that  simi- 
lar means  and  processes  are  available  and  applicable  to  all  other 
sciences.  Habituated  to  reach  certain  results  in  the  investigations 
of  their  limited  range  of  phenomena,  they  demand  the  same  con- 
ditions in  those  infinitely  more  complicated  and  widely  different. 
The  confidence  with  which  they  are  inspired,  leads  them  to  assume 
that  man's  intellect  is  the  measure  of  the  universe,  and  that  no  truth 
can  have  a  depth  outreaching  its  capacity,  or  is  placed  beyond  the 
grasp  of  its  logic  and  comprehension.  The  unknowable  is  not 
acknowledged,  and  any  hypothesis  is  preferred  to  a  concession  of  a 
mystery. 
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Yet,  a  moment's  reflection  must  show,  that  the  causes  of  the  laws 
whose  unerring  certainty  they  boast,  are  unknown,  are  mysteries, 
and  must  forever  remain  as  such.  It  is  the  error  of  Dr.  Lehmann, 
and  it  is  common  to  most  physicists,  more  particularly  chemists, 
that  he  views  the  complex  phenomena  of  life  in  one  aspect— in 
their  chemical  relations.  The  physiological,  or  especial  organic 
phenomena,  are  entirely  neglected  or  overruled,  though  the  settle- 
ment of  the  question  in  discussion  must  depend  almost  exclusively 
on  a  thorough  investigation,  not  of  the  mere  organic  substance  and 
its  nature,  but  of  the  sole  material  fact  to  be  determined — the 
proximate  cause,  or  origin  of  specialized  individual  organic  forms — 
of  the  different  organs  and  organisms  of  living  beings. 

The  principal  arguments  of  Dr.  Lehmann  are  battlings  with 
shadows.  The  former  physiologists  were  generally  ignorant  of 
chemistry,  and  could  not  recognize  chemical  facts  in  the  living 
organism.  They  were  denied,  and  the  matter  of  the  animal  eco- 
nomy was  believed  to  be  exempt  from  the  laws  of  chemical  affinity. 
All  its  actions  were  imputed  to  vital  forces,  exclusively  existing  in 
the  organism.  These  opinions  are  attacked  and  refuted,  though  no 
longer  advocated  by  modern  physiologists. 

The  identity  of  the  chemical  actions  of  living  beings  and  of  in- 
organic bodies  is  now  generally  admitted.  It  is  granted  "  that  the 
same 'chemical  laws  preside  over  the  constitution  and  transforma- 
tions of  different  compounds,  whether  organic  or  inorganic."  Ad- 
mitting the  accuracy  of  this  proposition,  it  does  not  authorize  the 
assertion,  that  "  all  the  differences  observed  between  these  two 
different  classes  of  bodies  are  accidental,  relative,  and  have  nothing 
essential."  Will  it  be  affirmed  that  when  an  unfecundated  egg  is 
placed  in  the  conditions  for  incubation,  and  the  result  is  its  putre- 
faction, while,  in  a  fecundated  egg,  the  albuminoid  contents  are 
transformed  into  blood,  muscles,  viscera,  nerves,  brain,  heart,  ves- 
sels, and  organs  of  sense,  and  it  is  endowed  with  special  sensibilities, 
with  consciousness  and  voluntary  movements,  that  these  two  classes 
of  phenomena  are  only  accidental,  relative,  and  non-essential  ? 

It  is  certainly  true,  that  chemical  affinities  and  molecular  actions 
are  indispensable  to  produce  the  varied  special  proximate  organic 
materials  of  the  fluids,  tissues,  organs,  and  the  living  organism  of 
the  chick.  But,  without  the  presence  of  the  germ,  a  fact  neglected 
by  Dr.  Lehmann,  this  extraordinary  play  of  specific  chemical  affini- 
ties, and  specialities  of  chemical  actions,  and  the  development  of  some 
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hundred  organic  forms,  included  in  the  living  being,  from  the  form- 
less organic  matter,  could  not  have  occurred.  Certainly,  here  are 
displayed,  in  the  two  classes  of  bodies — inorganic  and  organic — 
differences  that  are  not  accidental,  or  relative,  and  that  are  essential. 

The  same  general  facts  are  observed  in  the  germination  of  seeds. 
If  the  germ  cell  at  the  hilum  of  a  seed  be  artificially  ruptured,  and 
it  be  placed  in  the  same  circumstances  of  germination  with  a  per- 
fect seed,  the  first  will  rot,  while,  in  the  other,  are  formed  dextrin, 
grape  sugar,  cellulose,  and  albuminoid  compounds ;  and  these  or- 
ganic matters  are  developed  into  the  tissues  and  organs  of  a  perfect 
plant. 

In  these,  which  are  but  single  series  of  organic  phenomena,  the 
most  absolutely  marked  and  undeniable  differences  are  to  be  ob- 
served between  the  two  classes  of  bodies :  it  is  impossible  to  regard 
them  as  "accidental,  relative,  and  non-essential." 

These  phenomena  have  occurred  in  living  beings  with  absolute 
constancy,  in  all  generations  of  animals  and  vegetables,  and  are  so 
completely  under  the  control  of  positive  law,  that  any  one,  or  all 
of  them,  can  be  predicated  and  foretold  with  as  much  certainty  as 
any  chemical  or  physical  action. 

Another  argument  urged  as  conclusive  is  the  following :  "  We 
should  not  lay  down  a  new  force,  a  general  specific  cause,  until  we 
have  eliminated  all  other  possibly  operative  forces  from  the  group 
of  phenomena  in  question.  A  proof  of  the  existence  of  a  purely 
vital  force  is  hence  only  to  be  obtained  by  an  exclusion  of  every 
physical  force.''  A  full  assent  is  given  to  the  conditions  of  the 
argument ;  and  it  is  affirmed  most  positively  that  the  only  phe- 
nomena— the  exclusive  attributes  of  a  vital  or  organic  force — the 
creation  from  a  liquid  formless  plasm  of  typical  organic  forms,  and 
organic  instruments  to  execute  physical,  chemical,  mechanical,  and 
dynamical  actions,  in  the  living  organism,  which  are  operative  only 
during  life,  cannot  be  explained  by  any  one,  or  all  of  the  physical 
forces  combined.  They  are  absolutely  excluded.  Let  the  subject 
be  expressed  in  special  terms,  and  it  is  affirmed  that  neither  heat, 
nor  light,  nor  electricity,  nor  magnetism,  nor  gravity,  can  construct 
an  eye,  can  form  a  retina,  heterogeneous  in  its  organic  materials? 
complicated  in  the  distinct  organized  anatomical  elements  of  its 
structure,  and  endowed  with  a  special  sensibility — light  and  colors — 
manifested  normally  only  when  excited  by  a  special  external  agent, 
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the  luminiferous  ether.  Nor  can  they  generate  the  black  pigment 
cells  of  the  choroid  coat,  for  the  express  purpose  of  suppressing 
the  luminous  rays,  which  have  accomplished  their  impression,  with- 
out which  there  can  be  no  distinct  vision;  nor  cause  the  formation 
anterior  to  the  retina  of  the  vitreous  humor  and  the  crystalline 
lens,  admirably  adapted  in  form,  shape,  and  density,  to  refract  the 
rays  of  light  into  a  focus,  the  distance  from  the  retina  calculated  so 
truly,  as  to  subtend  on  it  a  visual  focus,  in  which  is  a  perfect  repre- 
sentation of  external  bodies.  The  formation  of  this  organic  optical 
apparatus,  constructed  in  the  foetus  included  in  the  ovum  or  uterus, 
excluded  from  the  direct  operations  of  the  physical  forces  except 
heat,  it  is  affirmed,  is  absolutely  inexplicable  by  the  physical  forces, 
or  by  any  known  physical  process  or  actions. 

The  insuperable  difficulties  presented  by  these  facts,  it  is  sought 
to  evade  by  assuming  that,  as  the  causes  of  physical  actions  are 
unknown,  and  that  new  physical  phenomena  may  be  discovered,  a 
resort  to  a  new  force  is  useless  and  unscientific.  But  it  will  not  be 
pretended  that  the  causes  of  physical  actions  will  ever  be  better 
known  than  they  are  at  present;  and,  whatever  new  physical  actions 
may  be  discovered,  they  cannot  differ  in  their  nature  from  those  of 
the  present  known  physical  actions.  They  will  be  unable  to  furnish 
any  new  light  to  solve  the  nature  and  origin  of  phenomena  that 
reach  far  beyond  the  range  of  the  physical  forces;  to  which  plrysical 
forces  and  actions  are  accessories,  but  cannot  hold  the  relation  of 
productive  causes. 

From  the  admission  by  Dr.  Lehmann,  in  his  argument  "  that  a 
new  force  may  be  assumed  in  science,  whenever  groups  of  pheno- 
mena are  inexplicable  by  any  known  forces,"  the  assumption  of 
an  organic  or  vital  force,  as  distinct  from  physical  forces,  and  as 
presiding  over  the  developments  of  the  organic  forms  of  living- 
beings,  is  an  authorized  and  legitimate  deduction. 

A  third  argument,  and  the  last  that  will  be  noticed  as  having  a 
bearing  on  the  question  is,  "that  the  idea  of  a  vital  force  is  illogical; 
for  a  force  is  merely  the  abbreviated  expression  of  a  law  from 
which  the  causal  connection  of  certain  phenomena  may  be  deduced; 
and  that  a  vital  force  corresponds  to  no  law." 

This  statement  proves  that  Dr.  Lehmann  has  not  investigated  the 
physiological  facts  of  embryology  or  organic  development,  or  he 
could  not  have  so  broadly  asserted  that  the  vital  or  oro-anic  force 
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corresponds  to  no  law,  and  is  not  a  necessary  cause  of  multitudi- 
nous consequent  phenomena. 

So  far  is  this  statement  from  being  correct,  it  may  confidently  be 
asserted  that  the  evidences  of  law,  of  causal  connection  and  depend- 
ence are  as  strong,  as  palpable,  in  the  phenomena,  the  direct  results 
of  organic  or  vital  force — those  of  organization — as  are  to  be  found 
in  any  of  the  physical  forces.  A  few  facts  will  prove  this  position. 
Prevent  the  spermatozoon  from  reaching  the  egg,  no  monadiform 
germ  cell,  the  primary  form  of  all  animals,  is  produced.  Let  this 
germ  cell  be  artificially  broken  or  injured,  and  no  blastoderm  will 
be  formed;  injure  the  blastoderm,  and  either  no  embryon  and  chick 
will  be  developed,  or  this  last  will  be  imperfect. 

Here  are  law  and  causal  dependence  and  connection.  Professor 
Owen,  in  his  Hunterian  Lectures  (ed.  1855),  has  demonstrated  that 
"  every  animal,  in  the  course  of  its  development,  represents  some  of 
the  permanent  forms  of  animals  inferior  to  itself,  but  it  does  not 
successively  repeat  them  all,  nor  acquire  the  organization  of  any  of 
the  inferior  forms  which  it  transitorily  typifies.  One  organic  form, 
the  microscopic  infusorial  monad,  is  either  permanently  or  transito- 
rily represented  throughout  the  animal  kingdom.  Other  forms  are 
represented  less  exclusively  in  the  development  of  the  animal  king- 
dom, and  may  be  regarded  as  secondary  forms.  These  are  the 
polype,  the  worm,  the  tunicary,  and  the  lamprey.  They  are  second- 
ary in  relation  to  the  animal  kingdom  at  large,  but  are  primary  in 
respect  to  the  primary  divisions  or  provinces." 

In  the  above  statement  is  demonstrated  the  subordination  to  a 
law,  to  a  great  overruling  force  in  the  organic  world,  on  the  pre- 
sence and  action  of  which  depend  the  type  of  organic  forms,  and 
the  order  of  development  of  animal  organisms. 

In  the  immutable  harmony  of  organic  nature,  in  the  unchangeable 
characters  that  mark  the  distinction  of  species,  genera,  families, 
orders,  and  classes,  are  displayed  unmistakable  signs  of  the  opera- 
tion of  laws,  of  causal  connections  and  dependency.  Cuvier 
demonstrated  the  persistence,  as  he  believed  the  permanency  of 
species,  and  certainly  the  permanency  of  genera  and  families,  by  his 
anatomical  researches.  Goethe,  as  it  were  by  a  philosophical  inspira- 
tion, had  previously  conceived  and  evolved  the  idea  of  the  "  Unity 
of  Organization."  In  1790,  he  enunciated  the  generalization,  that 
"  all  the  parts  of  an  animal,  taken  together  or  separately,  ought  to 
be  found  in  all   animals."      This  deep-reaching    thought  of  the 
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philosopher  anteceded  the  empirical  demonstration  of  the  anato- 
mist. Oken  and  Geoffroy  St.  Hilaire  struck  on  the  same  vein  of 
thought,  and  by  their  researches  and  investigations  established  its 
truth,  and  made  it  the  crowning  fact  of  organic  science.  This 
widest  and  boldest  generalization  in  natural  science  is,  in  the 
organic  world,  what  Newton's  law  of  gravity  is  in  the  universe. 

In  the  infinitude  of  the  phenomena  and  forms  and  beings  that 
compose  the  organic  world,  the  universality  and  dependence  of 
causal  connections  and  special  law,  and  in  the  evidences  of  its 
ever-during  beauty,  order,  and  harmony  that  pervade  organic  nature, 
is  demonstrated  the  supremacy  of  a  dominant  force,  far  transcend- 
ing the  physical  forces  in  the  higher  nature  of  its  productions,  and 
more  exalted  character  of  its  powers,  influences,  and  relations.  In 
its  operations  it  appears  as  a  ray  emanating  from  the  divine  intelli- 
gence, stamping  on  each  created  living  being  types  of  organic 
structures,  a  revelation  in  material  forms  of  the  creative  ideas  of 
the  Eternal  Artificer  of  the  universe.  That  force  cannot  be  more 
appropriately  expressed,  than  as  the  Organic  or  Vital  force.  This 
conclusion  will  no  doubt  be  condemned  as  unscientific  by  physicists 
generally.  In  the  present  state  of  knowledge,  the  inexplicable  and 
inconceivable  in  the  physical,  and  still  more  in  the  physiological 
sciences,  constantly  cross  our  path,  and  arrest  our  investigations. 
Knowledge,  science,  philosophy,  have  their  ultima  thule,  beyond 
which  lie  the  vague  and  dreamy  realms  of  conjecture. 

The  sciences  are  the  facts  or  phenomena  discovered  in  the  order 
of  their  connection,  and  interpreted  by  man's  intelligence,  such  as 
they  exist  in  the  world  exterior  to  itself.  Indissolubly  connected, 
they  form  the  circumference  of  a  vast  circle,  each  advancing  as  it 
progresses,  and  is  developed  like  radii,  and  meet  in  one  common 
centre.  That  centre  is  the  incomprehensible,  the  infinite ;  it  is  the 
first  Eternal  Cause — the  creative  God ! 

It  is  always  to  me  an  assurance  that  the  line  of  inquiry  pursued 
is  the  true  one,  when  its  direction  tends  obviously  to  this  termina- 
tion. Whenever  investigation  is  turned  from  this  course,  it  is 
invariably  lost  in  misty  and  groundless  hypotheses. 

In  dissenting  from  the  author's  views  of  organic  or  life  force 
there  has  been  no  purpose  of  disrespect,  or  intention  to  undervalue 
his  knowledge  and  the  authority  of  his  opinions  on  the  special 
branch  he  has  cultivated.  It  has  been  rendered  necessary  by  the 
manner  in  which  the  subject  has  been  treated.     Almost  exclusively 
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physiological,  it  has  been  handled  as  a  chemical  question.  All  that 
has  been  urged  by  the  author  as  to  the  extent,  variety,  and  import- 
ance of  the  chemical  actions  and  influences  of  chemical  laws  in  the 
living  organism  is  perfectly  just;  but  to  force  chemical  affinity  and 
its  laws  from  their  appointed  ordinances  in  nature,  is  not  correctly 
scientific,  and  leads  to  serious  errors  and  misconceptions.  Yet  such 
a  perversion,  it  strikes  us,  takes  place  when  physics  and  chemistry 
are  summoned  to  explain  the  origin  and  the  permanent  constitution 
of  the  typical  forms  of  organization,  differing  so  widely  from  the 
molecular  processes  and  actions,  exclusively  the  results  of  their 
special  activity  and  energies  in  the  plan  of  creation. 

In  adopting  the  handbook  of  Dr.  Lehmann  as  a  manual  of 
organic  chemistry  for  the  use  of  the  students  of  the  University,  and 
in  recommending  his  original  work  of  physiological  chemistey 
for  their  more  mature  studies,  the  high  value  of  his  researches  and 
the  great  weight  of  his  authority,  in  that  important  department  of 
medical  science,  are  fully  recognized. 
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PHYSIOLOGICAL   CHEMISTRY. 


GENERAL  OBSERVATIONS. 


By  Physiological  Chemistry  we  "understand  the  science  of  the 
chemical  processes  in  the  living  organism  :  this  science  will  hence 
have  to  deal  not  only  with  the  chemical  principles  of  living  organ- 
isms, but  mainly  with  the  mutual  reaction  of  the  chemical  elements 
and  the  influence  of  the  external  world  on  the  same  in  the  course 
of  the  individual  life  processes. 

"We  consider  so-called  Pathological  Chemistry,  not  as  a  separate 
science,  but  as  an  integral  part  of  Physiological  Chemistry,  because 
no  sharp  boundary  can  be  drawn  between  the  two,  and  because, 
further,  the  laws  which  find  their  application  in  the  illustration  of 
life-phenomena  are  the  same  in  physiological  and  pathological  cir- 
cumstances, and  the  difference  of  the  phenomena  depends  entirely 
on  the  difference  of  the  external  conditions. 

Physiological  Animal  Chemistry  and  Physiological  Vegetable 
Chemistry  must,  on  the  contrary,  be  strictly  separated  from  each 
other,  although  both  sciences  have  many  points  of  contact  with 
each  other :  as  the  objects,  so  also  the  most  essential  chemical  pro- 
cesses whose  exploration  is  the  subject  of  inquiry,  are  different 
throughout.  The  closer  relations,  in  which  Animal  Life  stands  to 
Vegetable,  form  a  separate  chapter  of  Chemical  Zoophysiology. 

Physiological  Animal  Chemistry  divides  itself  into  three  sec- 
tions :  the  science  of  the  chemical  substrata,  the  science  of  the  ani- 
mal fluids  and  tissues,  and  the  science  of  the  zoochemical  processes. 
This  is  no  arbitrary  systematic  division  :  it  follows  of  necessity  from 
the  nature  of  the  subject. 
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The  first  part,  in  some  measure  the  basis  of  the  whole  of  Physi- 
ological Chemistry,  the  science  of  the  chemical  substrata  of  the 
animal  frame,  is  called,  in  the  narrower  sense  of  the  term,  Zooche- 
mistry. We  cannot  understand  the  chemistry  of  the  metamorpho- 
sis of  animal  tissue  in  all  its  forms,  if  we  do  not  know  exactly  the 
substances  which  play  their  parts  in  the  animal  body,  i.  e.  both 
its  actual  constituents,  and  those  substances  which,  adduced  from 
without,  come  into  reciprocal  action  with  the  former. 

For  a  successful  treatment  of  zoochemistry  two  points  of  obser- 
vation must  be  maintained,  viz :  the  chemical  and  the  physiological. 
"Without  the  most  exact  knowledge  of  all  the  chemical  relations  of 
a  substance,  a  judgment  of  its  physiological  importance  is  impos- 
sible :  but  the  bare  announcement  of  all  the  facts  derived  from 
pure  chemistry,  which  the  individual  substances  accidentally  present 
in  animal  bodies  exhibit,  is  still  not  zoochemistry ;  for  the  most 
important  point  of  observation,  the  .physiological,  is  wanting. 
Zoochemistry  should  not  be  a  compendium  of  facts  and  theories 
amassed  from  pure  chemistry  ;  these  must  be  taken,  on  the  contrary, 
as  fully  known  beforehand,  when  the  question  should  be  as  to  their 
physiological  relation.  We  therefore,  in  what  follows,  pass  over 
entirely  that  part  of  zoochemistry  which  would  be  nothing  more 
than  a  limited  excerpt  from  Organic  Chemistry ;  for  not  only 
those  substances  must  be  known  which  are  accidentally  constituents 
of  the  animal  organism  for  the  study  of  zoochemistry,  but  it  de- 
mands, at  the  same  time,  a  thorough  acquaintance  with  the  whole 
of  theoretical  chemistry. 

The  physiological  point  of  observation,  which  we  must  main- 
tain in  zoochemistry,  consists  only  in  the  relations  in  which  each 
individual  substratum  stands  to  the  other  constituents  of  the  animal 
organism  during  life :  according  to  these  we  are  to  determine  the 
value  of  the  individual  to  the  whole,  that  is,  its  physiological  func- 
tion. Our  judgment  is  to  be  guided  in  this  respect  by  the  investi- 
gation of  the  mode  of  occurrence,  origin,  and  destruction  of  each 
individual  zoochemical  substance. 

By  the  second  section  of  Physiological  Chemistry,  i.  e.  by  the 
science  of  the  Animal  Fluids  and  Tissues  (Phlegmatochemistry  and 
Histochemistry),  we  obtain  already  data  which  afford  us  a  deeper 
insight  into  the  movements  of  animal  matter :  for  we  see  physiolo- 
gical processes  taking  their  course  immediately  in  the  animal  fluids 
and  tissues.    Both  of  these,  tissues  and  fluids,  are  as  well  factors  as 
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products  of  the  changes  of  animal  matter.  Their  investigation  is, 
however,  accompanied  with  much  greater  difficulties  than  that  of 
the  zoochemical  substrata.  One  of  the  most  important  difficulties 
is,  that  here  we  generally  have  to  do  with  complicated  mechanical 
mixtures  whose  separation  lies  often  beyond  the  limits  of  possibility. 
In  the  tissues,  different  organic  elements  are  stored  up  together : 
hence  nowhere  more  than  here  is  there  necessity  for  a  microscopico- 
mechanical  analysis ;  but  in  the  fluids,  and  especially  in  the  most 
important  of  them,  the  blood,  we  find  morphotic  constituents,  not 
mechanically  separable,  the  microscopical  investigation  of  which 
must  precede  all  further  research.  The  determination  of  the  chemi- 
cal substances  which  belong  to  these  morphotic  elements,  and  of 
those  which  are  only  dissolved  in  the  fluid  surrounding  them,  is 
among  the  most  difficult  tasks  of  zoochemical  analysis :  and  yet 
this  circumstance  is  of  the  greatest  importance  in  the  physiological 
determination  of  the  results  of  chemical  research.  Without  a 
knowledge  of  the  morphotic  constitution  of  the  blood,  without  an 
insight  into  the  division  of  its  chemical  constituents  into  cells 
and  liquor  sanguinis,  we  would  have  only  very  partial  grounds  for 
the  construction  of  a  physiology  of  the  blood. 

When  we  have  investigated  on  all  sides  the  physiological  and 
chemical  relations  of  the  fluids  and  tissues  in  the  same  manner  as 
in  the  simpler  substrata  of  the  animal  body,  a  point  must  next  occu- 
py us  which  is  of  the  highest  importance  for  physiology.  This 
point  consists  in  the  quantitative  relations  of  the  formation  and  secretion 
of  the  objects  in  question.  It  is  a  maxim  which  holds  good  in  all 
natural  sciences,  that  only  through  the  establishment  of  certain 
numerical  relations,  can  a  theory  attain  its  full  scientific  worth,  and 
authorize  more  general  views.  It  is  self-evident  that  we  must  have 
investigated  the  amount  of  the  individual  factors  of  animal  tissue- 
metamorphosis,  before  we  could  allow  ourselves  a  decided  opinion 
on  their  activity,  and  the  part  performed  by  them  in  the  general 
life-functions.  While  chemical  and  physiological  facts  give  us  so 
many  conclusions  on  the  function  of  this  or  that  animal  fluid  or  tis- 
sue, it  is  by  ascertaining  these  amounts  that  we  obtain  not  only  a 
measure,  but  also  the  most  secure  position  forjudging,  of  the  phy- 
siological importance  of  the  object  in  question. 

The  physiological  function  of  an  animal  fluid  or  tissue  is,  however, 
exactly  equal  to  its  chemical  constitution,  just  as  the  physiological  im- 
portance of  each  individual  chemical  element  is  entirely  dependent 
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on  its  chemical  quality.  On  this  account,  the  immediate  relations 
which  exist  between  chemistry  and  physiological  function  must 
be  more  closely  considered  in  the  physiologico-chemical  science  of 
the  fluids  and  tissues;  while  there  must  remain  for  chemical  physi- 
ology proper  (the  third  part  of  Physiological  Chemistry)  to  pursue 
the  movements  of  animal  matters  as  a  whole  as  well  as  in  all  their 
closer  and  more  distant  relations  to  each  other  and  to  the  general 
life- functions.  By  the  consideration  of  the  physiological  value  of 
each  fluid  and  tissue,  which  rests  entirely  on  its  chemical  qualifica- 
tion, we  are  then  only  collecting  the  stones  for  founding  the  physi- 
ology of  the  animal  tissue-metamorphosis. 

The  third  division  of  Physiological  Chemistry  embraces  the  sci- 
ence of  the  Zoochemical  Processes,  i.  e.  the  chemistry  of  metamor- 
phosis of  tissue,  of  nutrition  and  secretion.  In  the  establishment  of  these 
relations  consists  the  highest  task  of  our  science;  here  the  causative 
connection  of  all  the  chemical  manifestations  accompanying  life  is 
investigated,  and  the  necessity  of  the  consequences  presented  in  the 
combination  of  all  the  chemical  phenomena  of  life.  On  this  field  of 
our  science  we  dare  not  content  ourselves,  for  the  attainment  of 
this  object,  with  parallelizing  chemical  character  and  function  as  in 
the  science  of  the  fluids  ;  it  is  necessary  here  to  take  into  account 
general  physiological  relations. 

When  we  cannot  observe  the  inner  mechanism  of  a  great  organic 
whole,  we  are  accustomed,  by  establishing  certain  numerical  rela- 
tions, to  make  for  ourselves  a  safer  basis  for  further  investigations  : 
hence  it  is  the  earliest  and  still  the  safest  way  which  has  been  devised 
to  establish  a  physiology  of  the  animal  tissue-metamorphosis,  by  in- 
vestigating the  matters  taken  in  and  given  out  by  the  organism,  the 
quantities  of  the  individual  secretions  and  their  relations  to  each 
other,  the  quantitative  partition  of  each  of  the  separate  elements, 
and  their  distribution  in  certain  proportions  in  different  fluids  to 
establish  exact  numerical  values,  which  form  in  a  manner  the  solid 
framework  within  which  the  results  of  further  investigations  prose- 
cuted in  other  ways  may  be  registered.  These  are  the  statistics  of 
the  metamorphosis  of  animal  tissue.  They  afford  us  absolute  proofs  of 
many  physiological  propositions,  by  showing  their  necessity ;  but 
since  they  lead  only  to  absolute  assertions,  we  only  learn  by  them 

that  the  facts  are  so,  and  not  otherwise,  but  not  why  they  are  so 

i.  e.  we  obtain  by  the  statistical  method  no  deeper  insio-ht  into  the 
closer  connection  of  the  facts  established  by  it. 
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Another  way  to  the  same  end  is  the  comparative  analytical  or 
chemico-experimental  method;  this  consists  in  an  imitation  of  animal 
chemistry  out  of  the  organism,  in  a  comparison  of  certain  organico- 
chemical  processes  with  apparently  analogous  zoochemical  processes. 
The  idea  of  comparing  the  processes  of  fermentation  and  putrefac- 
tion with  the  phenomena  of  life,  has  always  guided  the  researches 
of  physiologists.  Later  times  have  comprehended  this  idea  to  a 
greater  extent.  In  the  degree  that  the  views  of  those  chemical 
phenomena  have  been  generalized,  have  we  succeeded  in  attempting 
a  more  useful  application  of  them  to  the  vital  processes.  Certain 
chemical  processes,  which  form  a  great  series  of  consecutive  pheno- 
mena, show  undeniable  resemblances  to  the  course  of  certain  chemi- 
cal processes  in  the  living  body,  so  that  we  may  hold  ourselves 
justified  in  assuming  the  same  chain  of  causes  in  the  corresponding 
life-processes.  It  follows,  hence,  that  the  conclusions  to  which  this 
method  leads  are  founded  upon  analogy. 

Owing  to  the  imperfection  of  the  argument  from  analogy,  it  be- 
comes us  here  especially  to  avoid  the  errors  into  which  Physiology 
has  already  often  fallen  in  some  of  its  departments  by  the  misuse 
of  this  logical  form ;  so  much  the  more  care  is  necessarjr,  as  this 
method  has  hitherto  been  the  most  productive  for  Physiological 
Chemistry,  and  as,  on  the  other  hand,  it  has  led  to  many  crude 
chemical  and  entirely  erroneous  views. 

The  third  method  of  investigation  accessible  to  us  is  the  physio- 
logico-experimental.  The  theatre  of  actual  physiological  experi- 
ments is  the  living  body  itself;  it  is  of  great  use  to  make  its  vital 
actions  appreciable  by  our  senses  under  circumstances  which  at 
the  same  time  allow  of  an  opinion  as  to  their  causative  connection. 
However  decisive  conclusions  this  experience  of  the  most  direct 
observation  promises  to  science,  and  in  part  really  performs,  it  has 
as  yet  done  least  among  the  modes  of  investigation  adduced.  The 
great  pliancy  wrhich  life  phenomena  are  capable  of,  prevents  in 
many  cases  the  communication  of  a  categorical  answer  by  nature,  to 
whom  in  physiological  experiments  we  prefer  to  propose  a  disjunct- 
ive case  for  decision,  a  "  whether — or"  as  a  question. 

Physiological  Chemistry  is  generally  confined  to  those  processes 
in  the  living  body  which  belong  to  the  so  called  vegetative  sphere, 
and  in  fact  those  parts  especially  of  Physiology  demand  elucidation 
from  it  which  concern  the  processes  of  nutrition  and  secretion ;  but 
its  realm  is  far  more  extensive ;  for  in  all  the  processes  of  life,  in 
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all  animal  actions,  chemical  affinity  participates  simultaneously  with 
other  forces.  That,  parallel  to  the  activity  of  the  muscles,  chemical 
processes  take  their  course,  no  one  doubts;  that  the  nervous  system 
could  display  its  activity  without  simultaneous  chemical  action,  is 
not  to  be  believed ;  in  short,  no  function,  no  process,  no  phenomenon 
occurs  in  living  bodies  without  chemical  force  as  the  cause  or  means; 
hence,  e.  g.  every  disease  must  be  accompanied  by  certain  chemical 
alterations. 

As  in  the  living  organism  no  force  exclusive  of  this,  i.  e.  no  so- 
called  vital  force  is  to  be  proved,  all  animal  phenomena  must  be 
referred  to  fixed  physical  and  chemical  laws;  the  investigator  of 
nature  will  recognize  in  these  only  the  explanations  of  life  phe- 
nomena. The  time  will  come,  and  is  no  longer  distant,  when  the 
entire  physiology  of  animal  life  will  be  resolved  into  Physiological 
Physics  and  Physiological  Chemistry. 


ZOOCHEMISTRY. 


ORGANIC  SUBSTRATA  OF  THE  ANIMAL  ORGANISM. 

It  is  a  proposition  fully  confirmed  by  the  later  investigations  of 
theoretical  chemistry,  that  no  actual  difference  exists  between  organic 
and  inorganic  bodies,  and  that  all  the  differences  which  were  for- 
merly presented  as  actual  between  the  two  classes  of  bodies,  are 
only  accidental  peculiarities,  limited  by  no  other  laws  than  such  as 
have  their  force  in  inorganic  chemistry.  Those  differences  which 
in  fact  crowd  upon  us  in  comparing  organic  with  inorganic  bodies 
in  no  small  number  and  very  decided  manner,  are  then  not  based 
upon  forces  different  in  principle,  or  (as  many  philosophers 
believed)  in  a  peculiar  element,  a  so-called  organo-genium,  but 
arise  from  the  multiplicity  of  forms  often  passing  into  each  other, 
and  correspond  to  the  more  prominent  extremes  of  series  of  quali- 
ties frequently  intersecting  each  other. 

In  considering  the  differences  of  chemical  substances,  the  unalter- 
able law  must  be  remembered  that  the  peculiar  qualities  of  substan- 
ces are  not  irrelative  aggregates  of  characteristics,  but  that  these 
latter  stand  in  the  most  intimate  relations  to  each  other,  as  do  the 
angles  and  edges  of  a  crystal.  So,  e.  g.f  no  one  doubts  that  the 
numerous  tourmalines,  which  show  so  great  resemblance  not  only 
in  their  crystalline  forms  but  in  their  hardness,  &c,  notwithstanding 
the  difference  of  their  components,  are  yet  associated  by  a  common 
bond  which  gives  rise  to  their  integrating  properties.  By  ascer- 
taining the  mutual  relations  of  the  actual  qualities  of  a  substance, 
we  obtain  as  the  idea  of  it  an  exact  index,  which  is  not  the  sum  of 
loosely  connected  characteristics,  but  rather  the  product  of  its  closest 
related  properties.  We  must  certainly,  in  pure  chemistry,  as  yet  con- 
tent ourselves  with  the  description  of  radicals  by  simply  recounting 
their  characteristics  :  for  unfortunately  we  are  still  far  from  know- 
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ing  the  relations  of  the  individual  qualities  of  a  body  to  each  other, 
so  that  we  can  deduce  one  property  from  all  the  rest.  Later  chemis- 
try has  put  it  in  evidence,  however,  that  the  properties  of  chemical 
radicals  do  stand  in  such  intimate  relations  to  each  other,  and  that 
we  shall  soon  no  longer  have  to  satisfy  ourselves  with  barely  re- 
counting their  characteristics,  but  shall  reach,  instead,  clear,  distinct 
conceptions  of  the  world  of  chemical  bodies.  Of  how  many  radi- 
cals, which  have  been  hardly  seen  or  formed  once,  can  the  pro- 
perties and  their  intimate  composition  be  described?  How  many 
otherwise  isolated  chemical  facts  can  now  be  held  together  by  a 
simple  leading  idea:  thus  the  introduction  of  the  idea  of  homo- 
logy has  opened  at  once  a  general  survey  of  the  relations  which 
exist  in  a  very  striking  manner  between  a  certain  mode  of  compo- 
sition and  particular  characteristic  properties  of  a  large  series  of 
chemical  substances.  AYe  need  only  refer  to  the  volatile  organic 
acids,  to  the  varieties  of  ethers,  or  to  the  ammoniacal  alkaloids  to 
prove  that  a  logical  index  has  already  been  obtained  for  many  sub- 
stances. 

It  is  this  intimate  and  peculiar  connection  of  all  their  properties 
which  imparts  to  the  different  elements  forming  the  substrata  of  the 
animal  frame  their  physiological  as  well  as  their  chemical  character. 
It  is  the  unity  of  the  material  relations  which  occasions  the  entire 
behavior  of  a  substance  towards  all  heterogeneous  substances  and 
physical  influences,  as  well  as  the  manner  of  its  participation  in 
the  chemical  processes  of  life.  Since  pure  chemistry  has  shown  us 
that  the  laws  which  govern  the  combination  of  different  atoms  in 
stones  and  rocks  are  no  other  than  those  through  which  the  exist- 
ence of  the  complex  atoms  of  animal  and  vegetable  substances  are 
governed,  the  forces  also  (to  which  they  are  subject,  in  the  animal 
organism)  should  lead  under  similar  conditions  to  analogous  con- 
sequences corresponding  to  the  chemical  compounds.  The  essen- 
tial character  of  a  substance  remains  then  the  same  whether  it  be 
subjected  to  the  influences  of  atmospheric  forces,  or  the  different 
chemical  operations  of  our  laboratories,  or  the  peculiar  conditions 
of  life-movements.  No  element  is  enchanted  in  the  animal  frame : 
its  relation  in  the  sphere  of  life  remains  ever  coincident  with  its 
chemical  quality.  The  whole  of  Zoochemistry  affords  empirical 
proof  of  the  justice  of  this  proposition  ;  for  we  never  find  that  sub- 
stances chemically  entirely  different  have  similar  physiological  func- 
tions, or,  on  the  other  hand,  that  substances  of  similar  physiological 
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value,  are  widely  separated  according  to  chemical  principles.  Hence 
it  is  an  established  proposition  that  the  physiological  importance  of  a 
body  is  dependent  entirely  on  its  chemical  constitution.  Hence  we  can 
follow  in  zoochemistry  no  other  system  or  mode  of  division  than  a 
chemical  one ;  for  the  latter  must  at  the  same  time  take  account 
of  physiology,  and  hence  will  always  be  a  physiological  one  also. 

But,  unfortunately,  we  possess  no  system  in  pure  chemistry  which 
corresponds  with  all  the  demands  of  science;  for  although  the  recent 
brilliant  progress  of  chemistry  has  succeeded  in  presenting  certain 
groups  or  series  of  bodies  which  possess  certain  concordant  tenden- 
cies, certain  common  characters,  certain  fixed  definitions,  yet  there 
are  a  great  number  of  substances,  more  or  less  closely  investigated, 
which  cannot  be  classed  in  any  of  the  systems  yet  formed,  and  hence 
escape  a  general  view.  Unhappily,  here  belong  many  of  the  sub- 
stances most  important  in  zoochemistry — we  need  only  name  the 
so-called  protein  bodies.  Our  inability  to  embody  these  and  similar 
substances  in  a  scientific,  systematic  classification,  depends  less  on  the 
deficiency  of  the  present  system  than  on  our  still  very  unsatisfactory 
knowledge  of  such  substances.  We  must,  hence,  content  ourselves 
with  arranging  them  according  to  their  more  palpable  physical  and 
chemical  properties,  without  possessing  a  fixed  scientific  basis  there- 
for. Where,  then,  the  chemical  basis  fails  us,  the  analogous  physio- 
logical importance  of  such  substances  may  sometimes  guide  us. 

In  choosing  among  the  systems  now  used  in  theoretical  chemistry 
one  which  deserves  to  be  adopted  for  a  zoochemistry,  that  will  be 
the  best  by  which,  with  least  violence,  a  general  view  can  be  ob- 
tained of  the  numerous  substances  which  play  a  more  or  less  import- 
ant part  in  the  animal  organism. 

There  are  four  hypotheses  which  have  obtained  great  importance 
in  modern  chemistry,  and  have  been  used  as  principles  of  classifica- 
tion; these  are  the  hypotheses  of  radicals,  substitution,  pairing  and 
homology. 

In  the  endeavor  to  discover  proximate  elements  in  organic  bodies, 
the  scarce  expected  result  was  reached  that,  in  organic  substances, 
compound  bodies  exist,  which,  like  inorganic  elements,  form  integral 
constituents  of  certain  series  of  combinations,  partly  with  inorganic 
elements,  partly  with  similar  organic  compounds.  These  were  called 
organic  radicals;  they  are  composite  elements  which  are  capable  of 
uniting  with  inorganic  or  other  organic  elements,  and  take  the  place 
of  true  elements  in  many  combinations.    Like  the  elements  of  inor- 
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ganic  chemistry,  the  compound  radicals  may  be  divided  into  such 
as  correspond  to  hydrogen  or  the  metals,  and  such  as  more  resemble 
the  non-metallic  elements;  but  as  no  well  denned  boundary  can  be 
drawn  between  these,  so  also  the  easiest  transition  takes  place  from 
one  to  the  other  class  of  radicals.  The  organic  metals  are  almost 
entirely  carbo-hydrogens,  of  which  many  are  multiples  of  each  other ; 
like  the  true  metals,  these  unite  with  oxygen  to  form  basic  bodies ; 
like  them,  they  enter  into  neutral  combinations  with  chlorine,  bro- 
mine, iodine,  &c. ;  and  lastly,  some  of  them  can  combine,  as  it  is 
known  the  metals  do,  with  hydrogen  to  form  hydrurets;  e.  g.  marsh 
gas  =  C2  H4  is  regarded  as  the  hydruret  of  methyl  =  C2  H3 .  H ;  for 
more  than  one  fact  proves  that  the  fourth  atom  of  hydrogen  stands 
in  that  gas  in  a  different  relation  to  the  whole  compound  from  that 
of  the  other  three  atoms  of  hydrogen. 

Such  oxidated  carbo-hydrogens  as  benzoyl  (C14  H5  02),  acetyl 
(C4  H3  02),  salicyl  (C14  Hs  04),  &c,  are  commonly  regarded  as  the 
radicals  corresponding  to  the  non-metallic  elements ;  here  also  we 
may  safely  place  cyanogen,  which  confessedly  presents  the  most 
decided  analogies  with  the  chlorine  group. 

These  radicals  form  with  oxygen  those  numerous  organic  acids 
with  3  and  5  atoms  of  oxygen ;  they  also  unite  with  hydrogen,  like 
sulphur,  chlorine,  &c. ;  for  instance,  hydrurets  of  benzoyl  and  salicyl ; 
aldehyde  (C4  H4  02)  is  probably  the  hydruret  of  acetyl  =  C4  H3  02 .  H. 

Another  theory,  which  has  been  established  by  numerous  re- 
searches in  modern  chemistry,  viz  :  that  of  substitution,  has  given  us 
a  deeper  insight  into  the  intimate  constitution  of  many  bodies. 
The  unexpected  fact  has  presented  itself  that,  in  very  many  organic 
bodies,  certain  atoms  of  hydrogen  may  be  replaced  by  chlorine, 
bromine,  iodine,  or  peroxide  of  nitrogen,  without  destroying  the 
original  compound  atom,  or  altering  materially  the  physical  and 
chemical  properties  of  the  substance.  Thus,  e.  g.,  in  the  organic 
bases,  certain  atoms  of  hydrogen  may  be  substituted  by  those 
elements,  or  by  peroxide  of  nitrogen,  without  their  wholly  losing 
their  power  to  unite  with  acids.  By  this,  as  a  general  rule,  we  can 
judge  of  the  influence  which  a  certain  number  of  the  atoms  have 
on  the  quality  of  the  type  of  some  compound  atoms. 

Not  less  fruitful  has  been  a  third  mode  of  observing  the  consti- 
tution of  organic  substances,  viz :  the  so-called  pairing,  or  conjugation 
of  radicals,  by  virtue  of  which  many  substances,  contrary  to  the  ordi- 
nary theory  of  binary  combination,  can  so  unite  with  each  other 
that  the  one  substance,  be  it  acid  or  base,  loses  nothing  of  its  capa- 
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city  for  saturation,  while  the  other  body,  called  the  pairling,  or 
copula,  attached  to  it  in  a  certain  manner,  accompanies  it  in  all  its 
combinations  with  acids  or  bases.  The  pairlings  are  hence  not  to 
be  separated  from  the  acids  or  bases  belonging  to  them,  by  single 
or  double  affinity.  At  first  only  those  compound  atoms  were  con- 
sidered as  paired,  in  which  an  organic  acid  was  combined  with  an 
organic  aggregate  molecule,  such  as  sugar,  glycin,  &c.  But  latterly 
the  theory  of  pairing  [or  of  conjugate  radicals]  has  been  extended 
in  favor  of  a  theory  of  the  organic  acids  with  three  atoms  of 
oxygen  ;  so  that  an  element,  as  for  instance  carbon,  may  pair  itself 
with  an  organic  radical,  a  carbohydrogen,  a  view  for  which  there 
are  several  weighty  reasons.  That  elements  can  actually  unite  with 
carbohydrogens  to  form  bodies  which  have  great  affinity  for  oxygen, 
and,  combined  with  it,  form  acids,  was  proved  by  the  long-known 
kakodyl  (C2  H2)2^As,  stibethyl  (C4  H^^Sb,  &c.  It  was  then 
not  inappropriate  to  regard  bodies  as  paired  of  methyl,  ethyl, 
phenyl,  &c,  and  a  double  atom  of  carbon,  which  then  would  form 
the  well-known  acids,  acetic  acid  =  (C2  H3)~C2 .  03,  metacetonic 
acid  =  (C4  H5pC2.03,  benzoic  acid  =  (C18  HspC3.03.  Then 
it  was  found  that  the  combinations  of  such  radicals  with  cyano- 
gen, by  treatment  with  alkalies  aud  with  the  decomposition  of 
water,  yielded  those  acids  and  ammonia,  e.  g.  cyanide  of  ethyl 
gave,  on  being  boiled  with  potash  ley,  ammonia  and  metacetonic 
acid  (C4  H5 .  C2  N  +  3HO  =  H3  N  +  C4  H,  ~CS.  03) :  according  to 
this,  the  2  atoms  of  carbon  appear  not  to  belong  to  the  radicals  of 
the  acids,  and  hence  the  hypothesis  of  a  pairing  of  the  radicals  with 
2  atoms  of  carbon  is  not  inapposite.  This  theory  affords  at  least 
the  great  practical  advantage,  that  in  most  organic  bodies,  whether 
basic,  neutral,  or  acid,  we  can  recognize  these  carbohydrogens  as 
elements,  and  thus  obtain  a  readier  survey  of  a  great  realm  of 
organic  chemistry. 

Probably  the  recognition  of  the  so-called  homology  of  substances 
has  had  the  most  powerful  influence  in  placing  organic  chemistry 
on  a  philosophical  basis,  and  establishing  a  rational  system  for  it. 
By  homologous  bodies  are  understood  such  as  resemble  each  other 
closely  in  composition  and  properties,  and  differ  from  each  other  by 
(2CH)n.  If  some  of  these  homologous  bodies  were  early  classed 
together  on  account  of  the  similarity  of  their  properties,  yet  others 
are  thus  recognized  as  belonging  together,  which  previously  no 
one  would  have  ventured  so  to  arrange.     Who  would  previously 
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have  believed,  e.  g.,  that  formic  acid  =  C2  H  03 .  HO,  and  margaric 
acid  =  C34  H33  03, .  HO,  were  different  members  of  the  same  series  ? 
And  yet  no  one  now  doubts  that  these  acids,  with  their  numerous 
intermediate  members,  belong  together  ;  for  it  is  not  only  this  simi- 
larity in  their  composition  which  causes  us  to  regard  them  as 
members  of  a  class,  but  their  products  of  decomposition,  analogous 
throughout,  their  modes  of  combination,  their  similar  relations  to 
certain  basic  oxides  of  carbohydrogens  (the  so-called  ethers),  almost 
force  us  to  look  upon  them  as  one  family.  We  obtain  an  advan- 
tage by  forming  series  of  such  homologous  bodies,  not  only  as 
regards  system,  but  also  in  the  theoretical  consideration  of  such 
substances :  for  we  thus  approach  closely  our  object,  to  present 
definite  ideas  of  these  substances,  to  establish  certain  formulas,  from 
which  the  majority  of  their  physical  and  chemical  properties  may 
be  calculated,  as  any  number  of  given  cases  from  a  mathematical 
formula.  Thus,  we  can  say  that  in  substances  of  the  composi- 
tion (C2  H2)n  .  04,  or  C2n  H2n_j  .  03  .  HO,  their  consistency,  their 
boiling  point,  the  density  of  their  vapor,  increases  with  the  number 
of  carbohydrogen  atoms,  while  their  solubility,  their  reaction  on 
vegetable  colors,  their  fluidity,  stand  in  inverse  ratio  to  their 
atomic  weight.  Under  similar  circumstances,  these  bodies  form 
products  of  decomposition,  which  are  again  mutually  homologous. 

In  organic  acids  we  have  been  able  to  establish  thus  far  five  series 
of  such  homologous  substances,  viz :  besides  the  formic  acid  series, 
the  succinic  acid  series  =  C2n  H2n_2 .  03 .  HO,  the  oleic  acid  series 
=  C2n  H2n_3  .  03  .  HO,  that  of  benzoic  acid  =  C2n  H2n_9  .  03  .  HO, 
and  that  of  lactic  acid  =  C2n  H2n_x  .  05 .  HO. 

We  have  lately  arrived  at  a  view  of  the  intimate  constitution  of 
many  bodies,  principally  in  consequence  of  the  more  exact  investi- 
gation of  the  organic  nitrogenised  bases,  the  so-called  alkaloids — a 
view  which  is  in  general  based  upon  the  four  chemical  hypotheses 
above  explained,  but  which  does  not  coincide  with  their  further  de- 
velopment into  theories.  It  has  been  established  beyond  a  ques- 
tion by  the  most  direct  observations,  that  in  certain  bodies,  and  es- 
pecially in  ammonia  (H3  N)  and  oxide  of  ammonium  (H4  N  .  0),  not 
only  one,  but  several,  indeed  all  the  atoms  of  hydrogen  may  be 
replaced  by  the  carbohydrogens,  which  we  'have  regarded  as  the 
metallic  elements  of  organic  chemistry.  For  the  sake  of  illustration, 
anilin  may  be  adduced  as  an  example;  this  is  ammonia  in  which  1 
atom  of  hydrogen  is  replaced  by  phenyl  =  (C12  H5)  .H.H.N;  a 
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second  atom  of  hydrogen  of  the  ammonia  may  be  replaced  by 
methyl,  ethyl,  &c— ethylanilin  =  (012  H5)  .  (C4  H5)  .  H  .  N ;  still  a 
third  may  be  replaced  by  methyl,  amyl,  &c,  e.  g.  methyl-ethyl-anilin 
=  (C12  Hs)  .  (C4  H5)  .  (C2  H3)  .  N.  In  the  oxide  of  ammonium  all  the 
four  atoms  of  hydrogen  may  be  replaced  by  four  atoms  of  the  same 
or  different  radicals,  as  in  the  oxide  of  methyl-ethyl-amylo-phenyl- 
ammonium  =  C2  H3 .  C4H5 .  C,0  Hn  .  C12  H5 .  N  .  0.  By  the  establish- 
ment of  this  fact,  all  previous  theories  underwent  essential  modifica- 
tions; the  radicals  do  something  more  here  than  form  with  oxygen 
and  other  elements  acids  and  bases,  and  then  exhibit  salt-like  com- 
binations with  each  other.  Substitution  takes  place  here  to  the 
fullest  extent,  but  not  in  the  former  sense,  when  hydrogen  atoms 
were  replaced  only  by  negative  elements  or  radicals,  and  when  sub- 
stitution could  not  be  carried  back  to  such  simple  substances  as 
ammonia  and  water.  Especially  the  idea  of  pairing  (unless  it  be 
taken  in  a  very  wide  sense)  finds  no  application  in  these  circum- 
stances, for  those  alkaloids,  e.  g.,  arise  not  by  a  pairing  of  ammonia 
with  those  radicals,  but  the  latter  serve  rather  for  the  completion 
of  the  single  atoms  of  hydrogen  in  the  ammonia. 

All  the  volatile  alkaloids,  then,  are  to  be  regarded  as  ammonias, 
in  which  one  or  more  atoms  of  hydrogen  are  replaced  by  carbo- 
hydrogens;  in  most  of  the  alkaloids  containing  oxygen,  as  also  in 
the  so-called  amides,  one  or  more  atoms  of  hydrogen  are  replaced 
by  radicals  containing  oxygen  ;  and  thus  we  possess  a  principle  of 
classification  for  the  great  majority  of  nitrogenised  bodies,  according 
to  which  a  number  of  homologous  series  may  be  established. 

While,  according  to  this  view,  many  nitrogenised  bodies,  and 
indeed  those  best  known,  are  formed  after  the  type  of  ammonia, 
two  other  great  classes  of  organic  bodies  may  in  like  manner  be 
conceived  as  formed  after  the  type  of  water;  for  if  we  consider  the 
hydrogen  in  water  to  be  replaced  by  the  organic  elements,  methyl, 
amyl,  phenyl,  &c,  we  obtain  the  non-nitrogenised  bases  of  organic 
chemistry,  the  so-called  ethers,  e.  g.,  HO  corresponding  to  (C4  H5)  . 
O.  If,  on  the  other  hand,  the  hydrogen  be  displaced  by  radicals 
containing  oxygen,  organic  acids  arise,  e.  g.,  HO,  corresponding  to 
(C  II5  02)  .  O.  According  to  this  mode  of  observation,  the  idea  of 
pairing,  which  we  made  use  of  above  to  unfold  the  inner  constitu- 
tion of  the  acids,  must  be  laid  aside — the  internal  constitution  of  the 
oxygen-containing  radicals  would  then  remain  to  be  further  deve- 
loped. 
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These  are  the  most  important  points  of  observation  from  which 
theoretical  chemistry  has  hitherto  been  investigated,  and  which 
afford  the  only  starting  points  for  a  rational  classification  of  organic 
bodies,  and  especially  of  zoochemical  substances.  Although  zoo- 
chemistry neither  can,  nor  dare  get  rid  of  the  views  which  are  of 
force  in  theoretical  chemistry,  it  does  not  belong  to  its  province  to 
enter  into  a  closer  discussion  of  clashing  opinions ;  it  has  in  general 
to  hold  to  the  actual  and  to  receive  the  theoretical  so  for  as  it  con- 
forms closely  to  established  facts.  The  simplest  and  safest  way  to 
classify  zoochemical  bodies,  with  reference  at  the  same  time  to  their 
physiological  importance,  will  be  to  consider  certain  series  of  bodies 
together,  whether  they  be  really  homologous  or  only  generally  very 
similar.  But  in  zoochemistry,  a  number  of  bodies  press  upon  us 
which  cannot  readily  be  grouped  from  one  or  other  point  of  view ; 
these  can  only  be  placed  together  according  to  accidental  resem- 
blances; yet  the  time  is  perhaps  no  longer  distant  when  even  the 
protein  bodies  shall  be  classed  in  a  scientifically  arranged  group. 
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FAT  ACIDS  =  C2n  H^.!  03  .  HO. 


Formic  acid 
Acetic  acid 
Metacetonic  acid 
Butyric  acid 
Valerianic  acid . 
Caproic  acid 
Oenanthic  acid . 
Cap  ry lie  acid    . 
Pelargonic  acid 
Capric  acid 
Magaritic  acid  . 
Laurostearic  acid 
Cocinic  acid 
Myristic  acid     . 
Cetic  acid . 


C2  H    03 

HO 

C4  H3  03 

HO 

C6  H5  03 

HO 

C8  H7  03 

.HO 

C10  H9  03 

.HO 

C12  Hu  03 

.HO 

C14  H]3  03 

.HO 

C16  H1S   03 

HO 

ci8  H17  03 

.110 

C20  H19  03 

.HO 

C22  H„  03 

.HO 

C24  H23  03 

.110 

C26  H25  03 

.110 

C28   H27   03 

.110 

C30   H29   O3 

110 

=    ^32  H31   03 

.    HO 

=    C34  H33   03 

HO 

=    C36  H35  03 

HO 

=    C54  H53   03 

.  HO 

=    ^60  S59  03 

HO 
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Palmitic  acid  . 
Margaric  acid  . 
Stearic  acid 
Cerotic  acid 
Melissic  acid    . 

The  two  extremes  of  this  group  of  acids  show  in  many  respects 
such  striking  physical  and  chemical  differences  that  their  physiolo- 
gical value  should,  accordingly,  be  very  different ;  hence  we  divide 
this  series  in  zoochemistry,  as  in  general  chemistry,  into  two  groups; 
we  limit  the  first  somewhat  arbitrarily  at  capric  acid,  and  call  those 
previously  mentioned,  volatile  fat  acids;  they  are  fluid,  or  melt,  at 
least,  below  86°  F.,  have  a  strong  odor,  can  be  distilled  without 
change,  are  more  or  less  soluble  in  water,  of  strongly  acid  reaction ; 
while  the  members  of  the  other  group  are  solid  or  buttery,  melt 
above  86°,  are  with  difficulty  distilled  (in  an  atmosphere  of  carbonic 
acid),  entirely  insoluble  in  water,  and  act  but  slightly  on  vegetable 
colors. 

Volatile  Fat  Acids. 

The  combinations  and  products  of  decomposition  of  the  volatile 
fat  acids  have  generally  been  very  carefully  investigated ;  we  here 
adduce  only  the  following,  in  regard  to  these  relations,  from  pure 
chemistry ;  the  salts  of  the  volatile  fat  acids  are  for  the  greater  part 
soluble  in  water ;  they  are  harder  of  solution,  as  the  atomic  weight 
of  the  acid  in  question  rises ;  and  hence  the  salts  of  capric  acid  are 
the  least  soluble.  The  boiling  point  of  these  acids  rises  in  an  as- 
cending series,  about  34.2°  F.  for  each  acid ;  i.  e.  for  each  C2  H2. 

Of  many  of  the  acids  there  are  lower  stages  .of  oxidation,  which 
have  been  called  aldehyds ;  thus,  the  ordinary  aldehyd  of  acetic  acid 
=  C4  H3  0  .  HO,  that  of  metacetonic  acid  =  C6  H5  O  .  HO,  &c.  An 
intermediate  stage  of  oxidation  between  the  acid  and  the  aldehyd, 
is  only  known  of  acetic  acid,  the  so-called  acetous  acid  =  (C4  H3  02 . 
HO).     The  aldehyds  are  liquid,  volatile,  and  easily  oxidized. 

Bodies  isomeric  with  the  aldehyds  are  formed  by  dry  distillation 
of  the  salts,  especially  the  barytic  salts,  of  these  acids,  e.  g.  butyral  = 
C8  H8  02,  valeral  =  C10  H10  02,  oily,  volatile  fluids,  of  very  penetrat- 
ing odor,  less  easily  oxidized  than  the  aldehyds. 

Another  species  of  very  volatile,  colorless,  highly  inflammable 
fluids  (the  cetones),  is  formed  by  dry  distillation  of  the  alkaline  salts 
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of  these  acids ;  e.  g.  butyrone  =  C7  H7  0.  (KO,  C8  H7  03  =  KO,  CO, 
+  C7H70). 

As  in  most  organic  bodies,  one  or  more  atoms  of  hydrogen  may 
be  replaced  in  these  acids  by  chlorine,  bromine,  or  iodine,  e.  g.  in 
butyric  acid,  C8  (H5  Cl2)  03,  and  C8  (H3  Cl4)  03,  &c. 

All  the  acids  of  this  group  are  capable  of  forming  so-called 
amides;  these  result  from  treating  the  salts  of  these  acids  and  the 
oxide  of  ethyl,  with  ammonia,  e.  g.,  acetamid  =  C4  H5  O  .  C4  H3  03 
+  H3  N  =  C4  H3  02 .  H2  N  +  C4  H5  O  .  HO.  The  amides  of  these 
acids  are  crystallizable,  colorless,  soluble  in  water  and  alcohol,  distil 
over  unchanged,  and  are  without  reaction  on  vegetable  colors.  Like 
all  amides,  they  are  decomposed,  on  being  treated  with  strong  acids 
or  alkalies,  by  combination  with  water  into  ammonia  and  the  cor- 
responding acid :  by  means  of  nitrous  acid,  the  corresponding  acid  is 
again  obtained,  with  the  development  of  water  and  nitrogen,  e.  g. 
C4  Hs  N02  +  N03  =  2N  +  2H0  +  C4  H3  03.  '  Only  the  amides  of 
this  group  of  acids  yield,  on  treatment  with  potassium,  cyanide  of 
potassium  and  a  carbohydrogen. 

When,  lastly,  the  amides  of  these  acids  are  treated  with  anhydrous 
phosphoric  acid,  the  so-called  nitrite  are  formed  from  them  by  the 
loss  of  two  atoms  of  water ;  these  are,  however,  nothing  more  than 
the  cyanogen  compounds  of  certain  ethers  corresponding  to  the 
acids.  They  are  oily,  very  volatile  fluids,  less  soluble  in  water  than 
in  alcohol  or  ether,  and  without  action  on  vegetable  colors :  by  strong 
acids,  or  alkalies,  they  are  resolved,  with  the  reception  of  three 
atoms  of  water,  into  ammonia,  and  the  corresponding  acid,  e.  g.  C10 
H9  N  +  3H0  —  H3  N  +  C10  H9  03.  Treated  with  potassium,  they 
afford  cyanide  of  potassium  and  carbohydrogens.  They  are  so 
much  the  more  to  be  regarded  as  cyanogen  compounds,  as  the 
artificially  prepared  cyanide  of  ethyl  has  all  the  properties  of  a 
nitril ;  it  decomposes,  for  instance,  by  treatment  with  strong  alka- 
lies, into  metacetonic  acid  and  ammonia,  C6  H5lSr  =  C4  Hs  .  C2  N  + 
3H0  =  H3  N  +  C5  H5  03 .  Hydrocyanic  acid  would  be  the  nitril 
of  formic  acid  ;  for  it  readily  passes,  as  is  known,  into  formic  acid 
and  ammonia.  On  this  circumstance,  the  theory  above  alluded  to 
(p.  59)  was  founded,  according  to  which  the  acids  of  this  group 
were  considered  as  oxalic  acids,  paired  with  carbohydrogens  = 
C2n  H2n+1.  [According  to  this  theory,  for  instance,  the  formula  of 
metacetonic  acid  =  C6  Hs  03  .  HO  should  be  written  (C4  H5)  .^C2 
03 .  HO.]     Hence  we  rank  oxalic  acid  with  these  acids. 
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The  acids  of  this  group  are  found  principally  in  the  excretions, 
or  appear  in  the  primse  vise  as  products  of  fermentation  :  they  are 
met  with  especially  in  the  sweat,  where  they  are  free,  and  hence  are 
easily  recognized  by  their  fluidity  and  odor:  in  the  urine  and  solid 
excrements,  on  the  other  hand,  they  are  commonly  combined  with 
the  alkalies,  or  with  lime. 

Oxalic  acid,  on  account  of  its  great  affinity  for  lime,  or  rather  on 
account  of  the  insolubility  of  this  salt,  we  find,  in  the  animal  organism, 
always  combined  with  lime.    In  the  solid  excrements  it  is  seldom 

Fig.  l. 


Oxalate  of  Lime. — 1,2,  and  3.  Octohedraof  oxalate  of  lime  in  different  positions.  4.  This 
form  arises  from  the  juxtaposition  of  two  octohedra,  and  when  slightly  altered  produces  the 
ovals  5  and  6.  7.  A  rare  form,  also  derived  from  the  octohedron.  8,  9,10  and  11.  "Dumb- 
bells:" these  are  probably  carbonate  of  lime;  they  never  appear  in  recent  urine,  but  are 
formed  subsequently  to  the  octohedra  of  oxalate  of  lime. 

found ;  in  fact,  only  after  partaking  of  vegetables  containing  oxalic 
acid :  it  is  often  observed,  on  the  other  hand,  in  the  urine,  of  which 
it  even  appears  to  form  a  normal  constituent.  Its  quantity  in  the 
urine  may  be  increased  by  the  use  of  vegetable  food,  even  when  this 
contains  no  oxalic  acid :  this  appears,  at  least,  from  the  appreciable 
quantity  of  oxalate  of  lime  always  present  in  the  urine  of  herbivo- 
rous animals,  e.g.,  the  horse,  ox,  &c.  An  increase  of  this  salt  is 
moreover  observed  after  very  abundant  partaking  of  food,  even  of 
animal  origin,  and  very  often  after  slight  debauches.  An  increase 
of  oxalate  of  lime  in  the  urine  is  commonly  observed  after  drinks 
rich  in  carbonic  acid,  after  the  use  of  bicarbonated  alkalies,  of  salts 
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of  organic  acids,  &c. ;  in  short,  after  all  food  and  drinks  which  over- 
load the  blood  with  carbonic  acid.  Corresponding  with  this,  an 
increase  of  oxalate  of  lime  in  the  urine  occurs  in  disturbances  of 
respiration,  accumulation  of  carbonic  acid  in  the  blood,  and  espe- 
cially in  disordered  metamorphosis  of  tissue  ;  hence  we  have  it  in 
emphysema  of  the  lungs,  diseases  of  the  heart,  after  epileptic  con- 
vulsions, in  the  convalesence  from  typhus,  &c. 

In  estimating  the  presence  of  oxalate  of  lime  in  the  urine,  it  must 
not  be  forgotten  that,  in  the  so-called  acid  fermentation  of  urine,  in 
connection  with  another  acid,  oxalic  acid  is  formed,  and  immediately 
combines  with  the  lime  of  other  salts.  In  fresh  urine,  often  no  trace 
is  to  be  found  of  oxalate  of  lime :  it  occurs  after  the  acid  fermenta- 
tion has  gone  so  far  that  crystals  of  free  uric  acid  have  separated. 
The  urine  occasionally  undergoes  the  acid  fermentation  within  the 
bladder,  and  thus  gives  occasion  to  the  formation  of  mulberry  calculi, 
which  consist  mainly  of  oxalate  of  lime ;  the  origin  of  such  con- ' 
cretions  may  often  be  deduced  less  from  oxalic  acid  separated  by 
the  kidneys  than  from  this  fermentation. 

[The  appearance  of  oxalate  of  lime  in  the  urine  is  esteemed  very 
differently  by  different  authorities.  Some  regarcl  it  as  indicative 
always  of  serious  disease  of  the  system,  demanding  active  medica- 
tion ;  while  others  view  it  as  a  result  of  imperfect  digestion,  or  of 
deficient  oxygenation  in  the  blood.  The  mode  of  its  occurrence 
renders  the  latter  the  more  probable  view :  hence  the  cases  of  oxa- 
luria  generally  present  symptoms  of  dyspepsia,  or  of  exhausted 
nervous  forces,  as  in  spermatorrhoea,  &c.  The  form  in  which  oxalate 
of  lime  presents  itself  under  the  microscope,  is  generally  that  of  the 
octohedron,  or  some  of  its  derivatives. — J.  C.  M.] 

Formic  acid  is  one  of  the  most  important  constituents  of  the 
sweat;  among  the  fluid  constituents,  it  is  far  the  largest.  In  the 
blood,  it  has  been  found  only  after  the  prolonged  use  of  sugar.  In 
the  fluids  of  muscles,  as  also  in  those  of  the  spleen,  it  is  found  in 
small  quantity. 

Acetic  acid  is  also  a  constant  constituent  of  the  sweat.  It  may 
be  found  in  the  blood,  especially  after  the  use  of  brandy,  as  also  in 
the  disease  called  leuclnemia  (which  is  associated  with  enlargement 
of  the  spleen).  Small  quantities  of  this  acid  have  also  besn  found 
in  the  juices  expressed  from  the  muscles  and  from  the  spleen.  In 
imperfect  digestion,  the  contents  of  the  stomach  sometimes  undergo 
an  acid  fermentation :  we  then  find  acetic  acid  in  the  matters  vomited. 
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It  is  not  improbable  that  small  quantities  of  metacetonic  ACID 
exist  in  the  animal  frame  wherever  acetic  or  butyric  acids  are  present, 
while  it  has  never  been  detected  with  certainty. 

Butyric  Acid  is  found  only  in  relatively  small  quantity  in  the 
siueat,  although  this  often  smells  strongly  of  it.  Butyrates  have 
never  been  detected  in  the  blood,  although  their  presence  there  is 
very  probable.  In  the  fluids  of  transversely  striated  and  smooth 
muscles,  as  also  in  that  of  the  spleen,  it  is  found  in  small  quantity. 
It  seldom  presents  itself  in  the  urine.  In  the  contents  of  the  sto- 
mach, it  is  only  an  abnormal  constituent,  arising  from  carbohydrates 
which  have  passed  into  fermentation ;  on  the  contrary,  it  exists 
pretty  constantly  in  the  contents  of  the  large  intestine,  as  the  carbo- 
hydrates reaching  there  are  generally  disposed  to  the  butyric  acid 
fermentation  by  the  fluid  of  the  large  intestine. 

Whether  Caproic  acid  exists  in  the  sweat,  which  often  develops 
an  odor  similar  to  it,  is  }ret  undecided ;  the  same  remark  is  appli- 
cable to  caprylic  and  capric  acids.  It  is  not  unlikely  that  the  pecu- 
liar odors  which  are  developed  by  treating  the  blood  of  different 
animals  with  sulphuric  acid,  depend  upon  these  acids,  and  hence 
they  may  be  contained  ready  formed  in  the  blood  in  some  combina- 
tion. That,  in  connection  with  margarin  and  olein,  butyrate, 
caproate,  caprylate,  and  caprate  of  %  glycerin  or  oxide  of  lipyle,  are 
contained  in  milk,  has  long  been  placed  beyond  doubt,  and  hence 
their  presence  in  the  blood  is  not  improbable. 

CEnanthic  and  Pelargonic  acids  have  never  been  found  ready 
formed  in  the  animal  body ;  they  present  themselves  at  most  as 
products  of  the  decomposition  of  nitrogenised  substances. 

From  the  mode  of  occurrence  of  all  the  acids  of  this  group,  the 
conclusion  may  at  once  be  drawn  that  they  do  not  play  an  import- 
ant part  in  the  animal  organism  ;  they  are  either,  as  in  the  stomach 
and  alimentary  canal,  accidentally  present,  resulting  from  ferment- 
ations, or  they  are  characterized  as  true  excretory  products,  and 
hence  appear  mainly  in  the  sweat  and  urine.  As  the  sweat 'glands 
serve  principally  for  the  separation  of  the  more  volatile  matters,  we 
find  almost  the  whole  series  of  acids  of  this  group  in  the  sweat, 
while  oxalic  acid  is  mainly  present  in  the  urine,  as  it  is  not  volatile 
and  unites  so  actively  with  lime.  All  these  substances,  therefore, 
are  products  of  the  retrograde  metamorphosis  of  tissues,  i.  e.,  they 
arise  from  those  changes  which  the  tissues  and  organs  undergo  in 
performing  their  physiological  functions.     In  the  perfectly  healthy 
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state,  the  animal  organism  secretes  less  of  these  substances,  as  they 
are  then  for  the  most  part  further  oxidised  and  excreted  in  the 
form  of  carbonic  acid  and  water.  We  see  them  occurring  in 
increased  quantities  in  the  excretions  when  in  consequence  of  any 
pathological  processes  the  process  of  oxidation  in  the  blood  is  inter- 
fered with.  That  circumstances  which  prevent  the  separation  of 
these  substances  from  the  blood  must  give  rise  to  a  perverted 
metamorphosis  of  tissue,  and  pathological  phenomena,  is  self-evi- 
dent: but  of  what  sort  these  pathological  phenomena  are,  and 
whether  they  coincide  with  what  is  called  rheumatism,  must  remain 
undecided. 

Fixed  Fat  Acids. 

These  acids,  which,  as  already  remarked,  differ  from  those  above 
described  in  only  a  few  of  their  properties,  enter  very  probably 
into  the  same  relative  combinations  as  the  acids  of  less  atomic 
weights ;  in  but  few,  as  cetylic  acid,  is  the  homology  in  this  respect 
with  the  previous  group  ascertained  by  direct  experiment.  But 
as  several  chemical  properties  of  these  acids  are  entirely  different 
from  those  just  considered,  in  consequence  of  their  higher  atomic 
weight,  i.  e.,  from  the  radicals,  containing  more  numerous  atoms  of 
carbohydrogen,  so  their  physiological  relations,  their  importance 
in  the  metamorphosis  of  animal  tissues,  etc.,  through  their  richness  in 
carbohydrogen,  differs  from  what  we  have  learned  respecting  the 
volatile  fat  acids. 

Of  the  fixed  fat  acids  referred  to  above,  Cocinic,  Myristtc,  Cetic, 
and  Palmitic  acids  occur  in  small  quantities  in  animal  fat,  while 
Margaric  and  Stearic  acids  occur  as  its  principal  constituents. 
These  acids  are  but  seldom  met  with  uncombined  in  the  animal 
fluids,  in  fact  only  in  such  as  have  already  undergone,  either  within 
or  without  the  body,  a  certain  degree  of  alteration,  thus,  e.  g.,  in  pus 
which  has  either  become  acid  in  the  air,  or  has  been  discharged 
from  so-called  cold  abscesses.  The  spindle-shaped  and  grass-like  tufts 
of  margaric  acid  crystals  are  then  especially  to  be  seen.  They  are 
also  occasionally  found  in  the  fluids  of  encysted  dropsies,  and  also 
free  in  the  solid  excrements. 

More  commonly  these  acids  are  combined  with  the  alkalies  with 
which  they  exist  as  salts  in  the  blood,  chyle,  saliva,  and  secretions, 
particularly  in  the  bile,  and  in  pus. 

Their  physiological  importance,  however,  rests  upon  the  presence 
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Fat  cells  imbedded  in  a  fibrous 
stroma. — a.  Isolated  cells  showing 
spindle-shaped  tufts  of  margaric 
acid. 


of  these  acids  in  the  shape  of  so-called  neutral  fats,  in  which  they 
are  combined  with  the  non-nitrogenised,  glycerin-yielding  base,  the 
oxide  of  lipyle.     Always  mingled  with  more  or  less  oleate  of  the 
oxide  of  lipyle,  or  olein,  they  form  the 
common  fat  of  animals,  which  is  partly 
stored  up   in   special  cells,  particularly 
in  the  subcutaneous  areolar  tissue,  and 
partly  is  suspended  in  most  of  the  ani- 
mal fluids,  especially  in  milk. 

Anatomists  distinguish,  as  is  well 
known,  a  peculiar  tissue,  the  adipose, 
i.  e.,  cellular  tissue,  in  which  the  above 
mentioned  oval,  or  polyhedral  cells  are 
imbedded.  Adipose  tissue  is  an  integral 
part  of  many  organs,  from  which  it  never 
vanishes  entirely,  even  in  sickness,  e.  g., 
from  the  orbit,  from  between  the  muscular 

fasciculi  of  the  heart,  and  between  the  muscles  of  the  face.  Very 
variable  quantities  are  found,  on  the  other  hand,  in  the  areolar  tissue 
under  the  cutis,  and  in  that  surrounding  the  muscles,  especially  be- 
tween the  glutei,  under  the  skin  of  the  sole  of  the  foot,  and  the  palm 
of  the  hand.  The  tendons  are  often  surrounded  by  fatty  cysts,  which 
sometimes  extend  to  the  joints  (glands  of  Havers).  Large  collec- 
tions of  fat  cells  are  also  found  between  the  folds  of  the  great 
omentum,  around  the  kidneys,  and  in  the  female  breasts.  The 
marrow  of  bones  consists  mainly  of  fat  rich  in  olein.  The  lungs, 
the  glans  penis,  the  clitoris,  and  the  brain,  have  but  little  fat,  and 
are  destitute  of  fat  cells. 

In  the  animal  fluids,  also,  fat  occurs  partly  free  in  minute  drops, 
partly  in  special  cell-membranes  and  in  no  small  quantities,  as  for 
example  in  milk,  in  which  each  particle  is  surrounded  by  a  delicate 
membrane;  in  the  yelk  of  the  egg  the  fat  is  partly  inclosed  in  mem- 
branes, partly  suspended  in  minute  drops ;  the  same  holds  good  of  the 
chyle,  especially  after  food  rich  in  fat,  and  also  in  part  of  the  lymph. 
In  the  blood,  on  the  contrary,  more  saponified  and  dissolved,  than  free 
suspended  fats,  are  contained.  Only  under  peculiar  circumstances 
does  suspended  unsaponified  fat  increase  in  the  blood,  as,  a  short 
time  after  the  use  of  fatty  nourishment,  often  in  pregnant  women, 
but  most  frequently  in  drunkards,  when  granular  degeneration  of 
the   liver  has   commenced.      The  solid  excrements  contain   much 
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free  fat  partly  after  over-abundant  partaking  of  fat,  especially  when 
diarrhoea  has  simultaneously  set  in,  or  when  the  influx  of  the  bile 
into  the  intestines  is  either  prevented  or  interfered  with,  whether 
the  cause  be  a  mechanical  stoppage  of  the  gall-duct  (by  colic,  gall- 
stones, or  duodenitis),  or  a  deficient  secretion  of  bile. 

Several  organs,  as  the  liver,  spleen,  and  even  the  kidneys,  contain 
normally  more  or  less  fat  inclosed  in,  or  exterior  to  their  proper 
cells ;  but  in  pathological  conditions,  especially  after  parenchyma- 
tous inflammation  of  these  organs,  fine  fat  granules  accumulate 
partly  within,  and  partly  outside  of  the  oells  in  large  quantities ; 
this  condition  has  been  called  fatty  degeneration,  and  regarded  as  a 
result  of  inflammation. 

Fat  is  collected  abnormally  in  tumors,  and  so-called  lipomata; 
cancerous  tumors,  also,  are  often  very  fatty.  When  cavities  are 
formed  in  the  body  by  loss  of  substance,  too  active  absorption,  &c, 
in  the  place  of  the  destroyed  tissue  fat  is  often  deposited,  as  in  para- 
lyzed muscles  or  in  bone  rendered  less  dense  by  any  pathological 
process. 

In  observing  th.e  quantity  of  fat  in  the  animal  body  in  general, 
we  find  that  it  varies  very  much  with  the  age;  while  the  organism 
is  almost  destitute  of  fat  in  the  early  periods  of  foetal  life,  we  find  it 
collected  in  great  quantity  in  new-born  infants;  this  abundance  of  fat 
decreases  sensibly  at  the  approach  of  puberty,  increases  during  matu- 
rity, and  vanishes  remarkably  in  old  age.  The  body  of  the  female 
is,  on  the  average,  richer  in  fat,  and  more  inclined  to  fatty  deposits 
than  that  of  the  male.  That  sexual  excitement,  excessive  muscular 
action,  modes  of  living,  temperament,  and  mental  conditions  have 
much  influence  upon  fatty  deposits  in  the  body,  is  taught  by  daily 
experience. 

Beyond  doubt,  the  source  of  the  fats  of  the  animal  body  is  prin- 
cipally to  be  sought  for  in- the  fatty  matters  contained  in  the  food ; 
nevertheless,  the  most  careful  chemical  statistical  experiments,  partly 
on  lactiferous  animals,  partly  on  those  living  on  mast,  partly  on  bees 
fed  only  on  sugar,  prove  that  the  animal  organism,  as  well  as  the 
vegetable,  possesses  the  power  of  forming  fat. 

The  animal  economy  must,  according  to  these  observations,  which 
show  a  far  greater  increase  of  fat  than  could  be  referred  to  that 
derived  from  the  food,  be  able  to  develop  fat  either  from  the  carbo- 
hydrates afforded  to  it,  or  from  the  nitrogenised  protein  bodies.  We 
shall  hereafter,  when  we  come  to  consider  the  metamorphosis  of 
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animal  tissues  in  general,  enter  more  closely  into  the  consideration 
of  the  grounds  which  indicate  the  one  or  the  other  mode  of  fat  for- 
mation in  the  animal  body ;  but  we  must  here  make  the  confession 
that  we  do  not  know  in  what  way,  by  what  process,  or  according  to 
what  chemical  equation  fat  can  be  formed  from  a  carbohydrate, 
or  protein  substance;  we  know,  hence,  as  little  the  parts  of  the  or- 
ganism where  fat  formation  takes  place,  as  we  know  whether  the 
organism,  when  abundantly  supplied  with  fat,  still  makes  use  of  its 
powers  of  fat  formation. 

Fats  are  of  great  physiological  importance  in  the  animal  organism ; 
so  that  we  shall  return  to  them  in  considering  the  general  metamor- 
phosis of  tissues  at  greater  length.  Thus  much  must  here  suffice 
for  the  determination  of  the  physiological  functions  of  the  fats ;  we 
see  fat  accumulated,  in  the  first  place,  in  those  parts  which  are  ex- 
posed to  heavy  blows  or  pressure  from  without;  they  serve  here  as 
cushions  or  pads,  to  neutralize,  as  far  as  possible,  the  force  of  such 
external  impressions;  we  find  it  stored  up  for  this  purpose,  not  only 
in  the  sole  of  the  foot,  the  palm  of  the  hand,  and  on  the  tuberosity 
of  the  ischium,  but  also  in  special  sacs  inclosed  in  the  joints  between 
the  bones. 

Fat  fills  up  also  the  vacant  spaces  between  muscles  and  other 
organs,  so  as  to  afford  these  more  freedom  of  motion ;  hence  its 
accumulation  in  the  omentum,  in  the  orbit,  and  amoDg  the  mus- 
cular fibres  of  the  heart.  That  organs,  such  as  the  bones,  especially 
when  their  tissue  is  rendered  less  dense,  are  made  less  brittle  and  in 
a  measure  more  pliable  by  the  presence  of  fat,  scarcely  needs  to  be 
mentioned. 

Fat  is,  besides,  a  bad  conductor  of  heat ;  hence  we  see  it  clepo:  ii  d, 
in  greater  or  less  quantity,  in  the  subcutaneous  areolar  tissue,  in 
order  to  lessen,  as  far  as  possible,  the  loss  of  the  free  heat  of  the 
body  by  radiation.  The  great  changes  of  the  external  temperature 
would  operate  much  more  readily  and  disadvantageous]  y  on  animal 
life,  if  the  body  were  not,  in  some  degree,  protected  against  them, 
by  the panniculus  adiposus  cutis;  thus,  also,  the  fatty  greater  omen- 
tum serves  as  a  protecting,  warmth-preserving  coat,  to  promote  tlie 
processes  of  digestion. 

The  fats  are  useful  more  than  all  other  substances  in  exciting  and 
maintaining  animal  temperature;  it  is  a  physical  necessity  that  a 
great  amount  of  heat  must  be  set  free  by  the  gradual  or  rapid  oxida- 
tion of  fats  in  the  animal  organism ;  they  contain  but  little  oxygen 
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combined  in  them ;  hence  the  gaseous  oxygen  taken  up  in  respira- 
tion must  be  applied  principally  to  the  oxidation  of  these  substances, 
which  are  seldom  excreted  as  such,  but  generally,  after  perfect  com- 
bustion, in  the  shape  of  carbonic  acid  and  water. 

The  fats  are,  moreover,  very  important  agents  in  the  metamorphosis 
of  animal  substances.  As  small  quantities  of  fat  are  necessary,  at 
least  to  tne  rapid  induction  of  the  lactic  acid  fermentation,  so,  accord- 
ing to  some  experiments,  the  fats  appear  not  to  be  without  influence 
on  digestion.  The  presence  of  fat  in  the  egg,  in  pus,  in  all  plastic 
exudations,  in  all  organs  abounding  in  cells,  indicates  clearly  that 
it  plays  an  important  part  in  cell  formation  ;  as  yet  no  animal  cell, 
no  cell-forming  plasma  has  been  observed,  in  which  appreciable 
quantities  of  fat  were  not  contained.  Whether  fat,  as  has  been  main- 
tained, in  the  form  of  granules  or  vesicles  presents  the  first  step 
toward  cell-development,  must  yet  remain  undecided. 

Finally  we  must  not  omit  to  mention  here,  that  a  part  of  the  fat 
introduced  into  the  body  assists  informing  the  resinous  acid  of  the  bile, 
cholic  acid ;  exact  comparative  analyses  of  the  blood  of  the  portal 
vein  and  hepatic  veins,  and  comparative  experiments  instituted  in 
animals  with  fistula  of  the  gall-bladder,  and  on  healthy  animals,  or 
on  such  as  were  kept  fasting  in  order  to  determine  the  quantities  of 
carbonic  acid  excreted,  have,  in  connection  with  certain  pathological 
facts,  given  great  probability  to  the  hypothesis  that  the  formation  of 
bile  is  impossible  without  fat ;  the  chemical  constitution  and  pro- 
ducts of  decomposition  of  cholic  acid  favor  this  hypothesis  rather 
than  oppose  it. 

SUCCINIC    ACID    GROUP  =  Cn  Hn_2  03.  HO. 

The  acids  of  this  group — 

Succinic  acid        .        .        .        .        C4  H2  03 .  HO 
Lipinic       «  .  .        C5H303.HO 

Adipic  " 
Pimelic  " 
Suberic  " 
Pyroleic    " 

are  observed  only  as  artificial  products  of  animal  substances,  espe- 
cially the  fats ;  they  are  principally  obtained  by  oxidation  of  the 
latter  by  means  of  nitric  acid.  In  constitution  they  may  be  re- 
garded either  as  a  radical  paired  with  a  double  atom  of  carbon  = 
(Cn  HJ~"C2,  or  as  a  radical  containing  oxygen  =  Cn  Hn_2  03. 


C6  H4  03 .  HO 
C7  H5  03  .  HO 
C8  H6  03 .  HO 
C10H8O3.HO 


ORGANIC   NON-NITROGENISED   ACIDS. 


73 


These  acids  are  all  easily  crystallized,  without  odor,  do  not  melt 
below  212°  F.,  sublime  unchanged,  are  soluble  in  water,  alcohol, 
and  ether  (the  solubility  stands  here  in  inverse  ratio  to  the  atomic 
weight  of  the  acid),  redden  litmus,  and  yield  oxalic  acid  and  volatile 
products  when  fused  with  hydrate  of  potassa. 

Of  these  only  Succinic  acid  has  as  yet  been  found  in  the  animal 
body,  and  that  but  once  in  the  fluid  contents  of  hydatids ;  it  may 
perhaps  occur  more  commonly  in  small  quantity. 

Pyroleic  acid,  or  sebacic  acid,  is  only  deserving  of  notice  in  that 
it  has  hitherto  been  obtained  from  no  substance  except  oleic  acid 
or  olein,  and  then  by  dry  distillation. 


OILY  FAT  ACIDS  =  Cn  H     ,  0,  .  HO. 


The  following  acids  belong  to  this  class: — 
Acrylic  acid 
Damaluric  acid 
Damolic  acid 
Oleic  acid  . 
Doeglic  acid 
Erucic  acid  . 


a  h,  o 


!14  Hll  03 
26  ^23  ^3 


^36 


H„0 


35  ^3 


C44  H41 


HO 
HO 
HO 
HO 
HO 
0,.H0 


The  first  three  of  these  acids  are  oily,  volatile  liquids,  somewhat 
soluble  in  water,  more  so  in  alcohol  and  ether,  and  redden  litmus; 
they  stand  in  the  same  relation,  perhaps,  to  the  other  three  as  the 
volatile  fat  acids  do  to  the  fixed. 

The  three  last  named  acids,  properly  oily  acids,  are  of  an  oily 
consistence  at  moderate  and  crystallize  at  lower  temperatures,  gen- 
erally above  32°,  are  entirely  insoluble  in  water,  easily  soluble  in 
hot  alcohol,  and  ether,  redden  litmus  slightly,  are  decomposed  by 
heat,  and  in  most  other  respects  have  properties  in  common  with  the 
fixed  fat  acids. 

Damaluric  and  damolic  acids  have  hitherto  been  found  only 
among  the  volatile  constituents  of  the  urine  of  cows,  and  hence 
have  not  attained  much  physiological  interest. 

Doeglic  acid  has  yet  been  found  only  once,  vie :  in  the  train- 
oil  of  the  Baloena  rostrata. 

Oleic  acid,  on  the  contrary,  we  find  wherever  margaric  and  stearic 
acids  exist ;  thus,  combined  with  alkalies  in  the  blood  and  bile,  free 
in  acid  pus,  and  combined  with  oxide  of  lipyle  as  olein  in  the  fat 
of  cellular  tissue,  and  wherever  else  free  fat  presents  itself  in  the 
body. 
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The  fat  of  animals  contains,  on  the  average,  far  less  olein  than 
that  of  vegetables.  Whether  a  part  of  the  oleic  acid  taken  up 
in  vegetable  fat  is  transformed  into  margaric  acid,  or  whether 
the  oleic  acid  is  consumed  more  rapidly  in  the  metamorphosis  of 
tissue  in  the  animal  than  margaric  acid,  cannot  as  yet  be  decided. 
Margarin  and  olein  are  likewise  not  equally  distributed  in  the  ani- 
mal body  :  in  one  place  the  fat-mass  is  richer  in  olein,  in  another  in 
margarin ;  the  panniculus  adiposus  renum  contains  more  margarin 
and  stearin,  the  marrow  of  the  bones  an  excess  of  olein,  &c. — In 
general  the  function  of  olein  corresponds  closely  with  that  of  the 
other  free  fats. 

BENZOIC  ACID   GROUP=C„  H„_n  0,  .HO. 


To  this  group  belong — 
Benzoic  acid . 
Myroxylic  acid 
Toluylic        " 
Cumic  acid    . 
Copaivic  " 

Although  einnamic  acid,  Cj 


H5 
H„ 


C16H7 

C20  Hll 

C40  H3 


03 
03 
03 
03 

O. 


HO. 
HO. 
HO. 
HO. 
HO. 


H7  03 .  HO,  differs  in  composition 
by  2  equiv.  of  hydrogen  from  the  acids  of  this  group,  its  chemical 
properties  and  physiological  relations  are  so  similar  that  it  deserves 
to  be  classed  with  them. 

All  these  acids  are  fixed,  crystallizable  in  needles  or  plates,  des- 
titute of  odor,  fusible,  sublime  without  change,  are  scarcely  soluble 
in  cold  water,  easily  in  hot,  as  also  in  alcohol,  less  so  in  ether,  and 
redden  litmus.     Their  salts  are  also  analogous. 

We  should  not  omit  here  to  mention  that  another  group  of  acids 
exists,  closely  approximated  to  these,  resembling  them  in  their  pro- 
perties, in  which  the  same  carbohydrogen  atoms  are  united  with 
five  atoms  of  oxygen,  viz  : — 


Salicylic  acid,  C14  H5 


Anisic 

Cumaric 

Copalic 


•  C18  H7  05 


C16  H7 


H3105 


HO,  corresponding  with  benzoic  acid. 
HO,  "  "     toluylic    " 

HO,  "  "     einnamic  " 

HO, 


"     copaivic 

In  close  relation  to  these  acids  stand  certain  oily  volatile  sub- 
stances existing  in  the  vegetable  kingdom,  some  acid,  some  basic, 
some  indifferent,  which  contain  one  atom  more  of  hydrogen  and  one 
less  of  oxygen  than  the  corresponding  acids  : — 
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Hydruret  of  benzole,    C14  II6  02,  corresponding  to  benzoic  acid. 

"  salicyl,      C14  ITa  04,  "  "  salicylic  " 

cinnamyl,  Cls  H8  02,  "  "  cinnamic  " 

"  "  cumaric    " 

Cumin     .         .         .      CL  Hlo0o,  "  "   cumic       " 


Cumarin  .         .    *C18  II8  04, 


As  the  atom  of  hydrogen  in  these  combinations  can  be  easily 
displaced  by  chlorine,  bromine,  iodine,  sulphur,  or  cyanogen,  the 
atom  of  oxygen  in  the  corresponding  acids  has  been  assumed  to 
have  been  substituted  for  hydrogen ;  hence  they  have  been  regarded 
as  simply  oxides  of  a  radical  containing  oxvgen,  viz :  Cn  Hn_9  03 

=  (0.  nn_9  o2)  o. 

The  existence  of  the  amides  of  these  acids  favors  this  mode  of 
viewing  their  composition,  inasmuch  as  these  may  be  regarded  as 
ammonias  in  which  one  equiv.  of  hydrogen  is  replaced  by  the 
oxygen-containing  radical  of  the  acid,  e.  g.,  benzamid  =  (C14  H5  OJ 
H.H.N. 

On  the  other  hand,  two  other  groups  of  bodies,  which  are  connected 
with  these  acids,  favor  the  hypothesis,  according  to  which  there 
exists  in  these  bodies  a  radical,  paired  of  two  atoms  of  carbon  and 
a  carbohydrogen  =  Cn  H„_7.  In  the  first  place  are  the  nitrils, 
bodies  free  from  oxygen,  which,  like  the  nitrils  spoken  of  before, 
are  volatile  inflammable  liquids  of  the  composition  C„  Hn_9  N.  As 
these  3-ield  C}\anogen  with  potassium,  one  would  be  inclined  to 
regard  the  two  atoms  of  carbon  going  over  to  the  cyanogen  as  form- 
ing not  the  carbohydrogen  (CB  Hn_g),  but  rather  =  ((Jn  Hn_7)"^C2. 
The  existence  of  certain  carbohydrogens,  which  are  obtained  by 
heating  the  acids  with  an  excess  of  alkalies,  favors  the  latter  view; 
e.  (j.,  benzole  from  benzoic  acid  ==  CM  II5  03  .  II O — 2C02  =  C12  H6; 
thus  cumole  (Clg  H12)  arises  from  cumic  acid,  and  tolnole  (C]4  H8) 
from toluy lie  acid.  As  in  these  carbohydrogens,  one  atom  of  hydro- 
gen may  be  substituted  by  chlorine,  bromine,  iodine,  or  peroxide  of 
nitrogen,  we  are  justified  in  regarding  them  as  combinations  of 
hydrogen  with  the  radicals,  C12  1T5,  C,8  II,„  and  C14  II7;  these  are 
exactly  the  radicals  which  the  above  hypothesis  considers  as  paired 
with  a  double  atom  of  carbon. 

Of  the  acids  of  this  group,  only  benzoic  and  salicylic  acids  de- 
serve a  short  notice,  from  their  relation  to  physiology  ;  the  first  oc- 
curs only  paired  in  the  animal  fluids,  in  the  shape  of  an  amide,  as 
hippuric  acid.     It  is  only  found  in  the  urine  after  vegetable  food, 
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UOs, 

.HO. 

C4  H3 

o5 .  no. 

C6  H5 

05 .  HO, 

C„  H„ 

0, .  HO. 

in  consequence  of  the  decomposition  of  the  last-named  acid  ;  recent 
urine  never  contains  benzoic  acid. 

After  the  use  of  benzoic  acid,  large  quantities  of  hippuric  acid 
are  always  found  in  the  urine  ;  it  also  passes  into  the  sweat,  and  is 
found  there  as  such,  never  in  any  nitrogenised  combination. 

Salicylic  acid  is  found  in  the  urine,  together  with  hydruret  of 
salicyl,  after  the  use  of  salicin.  As  it  exists  in  castoreum  (in  con- 
sequence of  the  abundant  use  of  willow  bark  by  the  beaver),  it 
probably  is  contained  as  a  normal  element  in  the  urine  of  this 
animal,  together  with  hydruret  of  salicyl. 

lactic  acid  group  =  Cn  H, 

Here  belong — 

Glycic  acid  .... 

Lactic  acid  .... 

Leucic  acid  .... 

These  acids  form,  when  most  free  from  water,  oleaginous  fluids 
of  strongly  acid  taste,  without  odor,  soluble  in  water,  alcohol,  and 
ether  almost  in  all  proportions,  redden  litmus  strongly,  decompose 
by  heat,  form  with  bases  soluble  salts,  some  of  which  are  readily 
crystallizable. 

According  to  the  above  empirical  formulae,  we  arrive  easily  at 
the  idea  of  regarding  these  acids  as  only  higher  stages  of  oxidation 
of  the  same  carbohydrogens  which  we  recognized  in  the  volatile 
fat  acids.  According  to  this,  glycic  acid  would  correspond  to 
acetic  acid,  lactic  to  metacetonic,  and  leucic  to  valerianic ;  but  a 
different  hypothesis  has  attained  a  high  probability  in  consequence 
of  certain  facts.  According  to  this,  they  are  to  be  regarded  as 
formic  acid  paired  with  aldehydes — 

Glycic  acid  .        .        .     =  C2  H2  02 .  C2  H  03 .  HO. 

Lactic  acid  .        .        .     =  C4  H4  02 .  C2  H  03  .  HO. 

Leucic  acid  .        .     =  C8  H,  02  .  C2  H  03 .  HO. 

We  have  an  analogy  for  this  composition  in  amygdalic  acid,  which 
has  long  been  viewed  as  paired  of  hydruret  of  benzoyle  and  formic 
acid  (C14  H6  02 .  C2  II  03  .  HO  =  C16  H7  05  .  HO).  Several  salts 
of  lactic  acid  actually  develop  the  aldehyd  of  acetic  acid  by  dry 
distillation ;  but  the  artificial  formation  of  lactic  acid  from  alanin 
(C6  H7  N  04)  favors  this  hypothesis  still  more.    Alanin  itself  is 
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formed  from  aldehyd-ammonia  and  hydrocyanic  acid  by  digestion 
with  hydrochloric  acid  (C4  H<  02+C2  H  N  +  2HO  =  C6  H7  N  0,). 
If  alanin  is  treated  with  nitrous  acid,  nitrogen,  water,  and  lactic 
acid  are  formed ;  it  may  hence  be  supposed  that  the  aldehyd  has 
remained  unchanged  in  alanin,  and  formic  acid  has  been  formed 
from  the  hydrocyanic,  as  happens  easily  elsewhere. 

Glycic  and  Leucic  acids  have  never  as  yet  been  found  pre- 
formed in  the  animal  organism ;  the  first  forms  with  benzoic  acid 
a  conjugate  or  paired  acid,  of  which  hippuric  acid,  so  constantly 
present  in  the  urine  of  the  herbivora,  is  the  amid. 

Lactic  acid  is  very  frequently,  but  by  no  means  always,  con- 
tained in  the  gastric  juice,  together  with  hydrochloric  acid  ;  in  the 
saliva,  it  is  only  recognized  with  certainty  in  diabetes.  The  acid 
reaction,  which  the  contents  of  the  duodenum  and  jejunum  exhibit, 
especially  after  vegetable  diet,  depends  in  a  great  measure  on  lactic 
acid ;  lactate  of  lime  is  often  found  in  the  duodenum  of  herbivorous 
animals.  The  contents  of  the  large  intestine  also,  which  exhibit  so 
strong  an  acid  reaction  after  amylaceous  and  saccharine  food,  owe 
this  to  the  lactic  acid  developed  by  fermentation,  and  accompanied, 
as  remarked  above,  by  butyric  acid. 

This  acid  may  be  detected  in  the  chyle  of  the  thoracic  duct  of  the 
horse,  especially  after  feeding  on  oats  and  starch ;  it  is  probable, 
according  to  some  observations,  that  it  also  exists  in  the  lymph. 

Lactic  acid  is  not  to  be  detected  in  the  blood  in  normal  circum- 
stances, as  it  is  there  quickly  oxidized  and  entirely  consumed,  whether 
introduced  from  the  intestines  or  other  organs ;  lactates  of  the 
alkalies  injected  into  it  disappear  rapidly,  and  show  themselves  in 
the  urine  as  carbonates.  In  pathological  blood,  however,  especially 
in  puerperal  fever  and  leuchsemia,  it  is  detected  beyond  doubt 
Occasionally,  it  exists  in  puriform  exudations,  which  have  remained 
long  in  abscess-cavities. 

This  acid  is  not  contained  in  healthy  milk  ;  it  is  soon  formed  in 
it  from  lactin  by  fermentation. 

Lactic  acid  is  further  found  in  the  juice  both  of  striated  and 
smooth  muscles  in  tolerably  large  quantities.  In  the  acid  juice  of 
the  spleen,  also,  lactic  acid  and  lactates  of  the  alkalies  are  found. 
In  the  urine  it  is  occasionally,  but  not  constantly  found ;  it  only 
passes  into  this  when  it  is  not  all  consumed  in  the  blood  ;  hence  we 
find  it  in  the  urine  of  animals  after  feeding  them  on  amylaceous 
food,  and  confining  them  constantly  in  stalls,  also  in  disturbances 
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of  respiration  by  emphysema  of  the  lungs  or  tuberculous  deposits. 
Very  often  it  is  formed  in  urine  during  the  acid  fermentation.  (See 
"Urine.") 

It  is  obvious,  from  the  circumstances  in  which  lactic  acid  is  found, 
that  it  has  a  double  origin  in  the  animal  economy ;  it  arises  in  the 
prirnce  vice  by  the  fermentation  of  the  amylacea;  but  as  it  exists  in  the 
muscles  in  proportion  to  the  previous  energy  of  their  action,  it  may 
be  regarded  as  a  product  of  the  metamorphosis  of  the  muscular 
fibre. 

The  physiological  importance  of  lactic  acid  must  not  be  too  lightly 
esteemed;  for  in  the  first  place,  it  is  the  cause,  actually,  with  hydro- 
chloric acid,  of  the  digestive  power  of  the  gastric  juice ;  no  other 
mineral  or  organic  acids  can  take  the  place  of  these  two  in  the  gas- 
tric juice;  secondly,  lactic  acid  assists,  as  free  acid,  in  the  absorption 
or  transudation  of  the  digested  food  from  the  primce,  viae  into  the 
alkaline  blood  or  lymph ;  thirdly,  by  the  ready  combustibility  of  its 
salts  in  the  blood,  it  becomes  an  important  assistant  in  maintaining 
the  animal  temperature ;  and  finally  it  excites  an  electric  tension  in 
the  muscles  as  opposed  to  the  alkaline  blood,  which  possibly  is 
not  without  influence  on  the  muscular  function. 
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The  bodies  which  we  place  together  under  this  title,  do  not  form 
a  well-defined  group,  and  by  no  means  possess  common  character- 
istics ;  it  is  only  the  impossibility  of  classifying  them,  at  present, 
more  rationally,  and  the  circumstance  that,  if  the  theo^  of  pairing 
be  admitted,  substances  with  more  than  three  atoms  of  oxygen  may 
safely  be  regarded  a&  paired,  which  induces  us  here  to  institute  such 
a  group.    In  zoochemistry  there  are  only  three  of  these  acids,  viz: — 

Benzoglycic  acid  .         .         .         .     C]8  H7  07  .  HO. 

Lithofellic       "      .  C40H36O7.HO. 

Cholic  «      .        .        ,        .     C48H3909.HO. 

Benzoglycic  acid,  which,  then,  is  regarded  as  paired  of  benzoic 
and  glycic  acids  =  C14 II5  03  .  C4 II3  05,  as  it  is  resolved  into  them 
so  easily  by  digestion  with  dilute  acids,  has  never  been  found  pre- 
formed in  the  animal  organism;  it  possesses  interest  in  zoochemistry 
only  inasmuch  as  it  is  formed  from  hippuric  acid  by  treatment  with 
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nitric  oxide,  on  which  account  that  acid  is  usually  regarded  as  the 
amid  compound  of  benzoglycic  acid. 

Lithofellic  ACID,  a  crystalline,  resinous  acid,  is  only  found  in 
certain  rare  intestinal  concretions  of  several  species  of  goats,  in  so- 
called  bezoars ;  it  is  not  known,  however,  whether  it  is  derived  from 
the  food  of  the  animals,  or  is  a  product  of  the  secretion  of  the  liver, 
or  of  some  other  excretion,  into  the  intestinal  canal. 

Cholic  acid,  which  passes  so  readily,  by  the  action  of  acids,  into 
chobidic  arid,  isomeric  with  it,  and,  after  longer  action,  into  dyslysin, 
is  found  in  the  bile  paired  with  taurin  or  glycin,  and  in  these  com- 
binations passes  also,  in  abnormal  conditions,  into  the  blood  and 
other  fluids ;  in  the  alimentary  canal,  however,  it  is  soon  separated 
from  its  nitrogenised  pairlings  and  changed  partly  into  choloidic 
acid  and  dyslysin.  It  is  found  in  very  small  quantity  in  normal 
excrement ;  only  in  diarrhoea  does  it  occur  in  larger  quantities. 

That  cholic  acid  is  formed  in  the  liver,  has  been  placed  nearly 
beyond  doubt;  but  it  is  uncertain  from  what  materials  or  substances 
in  the  liver  this  resinous  acid  is  elaborated.  Since  fats  are  especially 
applied  to  the  formation  of  the  bile,  as  is  proved,  partly  from  exact 
comparative  analyses  of  the  blood  flowing  to  and  from  the  liver, 
and  partly  from  careful  statistical  experiments  on  living  animals,  the 
hypothesis  is  not  at  all  absurd,  that  this  acid  is  a  combination,  prin- 
cipally, of  oleic  acid  and  a  carbohydrate  (C36  H33  03  +  C12  H6  06  = 
C4g  H^  09) ;  at  the  same  time,  a  carbohydrate,  sugar,  is  proved  to 
be  formed  in  the  liver.  The  products  of  its  chemical  decomposition 
are  at  least  not  against  this  hypothesis ;  for  cholic  acid  yields,  on 
treatment  with  concentrated  nitric  acid,  the  same  products  of  decom- 
position as  oleic  acid,  and,  together  with  these,  another  carbohydrate, 
cholesteric  acid  =  C8  H4  04. 


NITROGENISED  BASIC  AND  NEUTRAL  BODIES. 

We  embrace  here  only  the  simpler  nitrogenised  substances  which 
were  formerly  regarded  as  organic  bases,  or  as  alkaloids;  but  so  easy 
is  the  transition  from  strongly  basic  to  perfectly  neutral  bodies  that 
no  fixed  boundary  can  be  drawn  between  them.     Such  more  com- 
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plex  radicals  as  the  protein  bodies,  the  gelatinous  substances, 
we  are  the  less  disposed  to  consider  in  this  class,  as  we  are  not 
yet  in  condition  to  make  the  remotest  guess  at  their  theoretical  con- 
stitutions, while  on  the  other  hand,  according  to  the  principles  before 
alluded  to  and  now  acknowledged  in  chemistry,  we  are  able  to  form 
an  idea  of  the  theoretical  constitution  of  the  substances  belonging 
to  this  class.  "We  have  already  remarked  in  the  introduction,  that 
ammonia  may  be  taken  as  the  type  of  a  great  number  of  nitrogenised 
organic  bodies,  one  or  all  of  whose  atoms  of  hydrogen  may  be  re- 
placed by  compound  elements,  the  so-called  radicals.  Strongly  basic 
and  indeed  volatile  substances  arise  when  carbohydrogens  take  the 
place  of  one  or  more  atoms  of  the  hydrogen  of  ammonia;  thus  are 
formed  the  so-called  volatile  non-oxygenated  alkaloids,  of  which,  ac- 
cording to  the  composition  of  the  carbohydrogens,  several  homolo- 
gous series  may  be  denned ;  thus  we  have  a  methylamin  series  = 
(Cn  HB+1)  .  H  .  H  .  N,  a  phenylamin  series  =  (Ca  Hn_7)  .  H  .  H  . 
N,  &c. 

This  method  of  regarding  them,  so  simple  in  itself,  does  not  extend 
far  enough  to  indicate  the  theoretical  constitution  of  all  the  bodies 
(some  of  them  strongly  basic)  belonging  here.  Thus  lactamid,  alanin 
and  sarcosin  are  perfectly  isomeric  =  C6  H7  N  04 ;  if  in  all  these  1 
atom  of  the  hydrogen  of  ammonia  were  replaced  by  the  aggregate 
C6  H5  04,  these  bodies  could  not  possibly  exhibit  the  differences 
which  we  recognize  in  them.  There  are  also  alkaloids  which  con- 
tain more  than  one  atom  of  nitrogen,  so  that  the  nitrogen  must  be 
contained  in  them  in  another  form  than  that  of  ammonia.  As 
alkaloids  have  been  artificially  prepared  which  contain  cyanogen 
(02  N)  as  a  pairling,  the  idea  is  not  improbable,  that  in  the  alkaloids 
which  contain  more  than  one  atom  of  nitrogen,  either  cyanogen  or 
one  of  its  compounds  is  coupled  with  the  ammonia  base.  If  cyano- 
gen itself  be  taken  as  the  type  of  an  especial  class  of  bodies,  seve- 
ral of  the  neutral  bodies  belonging  here,  must  rather  be  regarded 
as  analogues  of  the  cyanogen  type  than  of  the  ammonia  type.  But, 
as  the  group  of  bodies  belonging  to  the  former  is  not  sufficiently 
defined,  and  as  this  separation  is  very  difficult,  or  quite  impossible, 
especially  in  reference  to  individual  substances,  we  embrace  all  these 
bodies  in  one  group. 

Of  the  volatile  alkaloids,  none  have  yet  been  found  preformed  in 
the  animal  organism :  as  artificial  or  spontaneous  products  of  de- 
composition, TRIMETHYLAMIN  (Ca  H3  .  Ca  II,  .  Ca  H3  .  N  =  C6  II9  N) 
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was  found  in  herring  pickle,  in  putrid  urine,  and  in  alcoholic  prepa- 
rations of  animal  objects.  Butylamin  or  petinin,  C8  Hu  N,  pyri- 
DIN,  C10  Hs  N,  phenylamin  or  anilin,  and  its  isomeric  picolin, 
C12  H7  N,  and  lutidin,  C14  H9  N,  are  formed  only  by  the  dry  distil- 
lation of  animal  substances. 

Among  the  oxygen-containing  bodies,  we  first  mention  a  group  of 
crystallizable  homologous  bases  =  Cn  Hn+1  N  04  viz : — 

Glycin C4  H5  N  04. 

Sarcosin     .        ...        .        .         .     C6  H7  N  04. 

Leucin C12  H13  N  04. 

These  are  changed  by  nitrous  acid  into  acids  of  the  lactic  acid 
group,  so  that  glycin  yields  the  above-mentioned  glycic  acid  (C4  H. 
N  04  +  N03  =  2N+  2HO  +  C4  H3  Oa);  on  the  other  hand,  by  means 
of  strong  alkalies,  they  develop  hydrogen,  ammonia,  carbonic  acid, 
and  one  of  the  volatile  fat  acids  :  glycin  thus  yields  formic,  sarcosin 
acetic,  and  leucin  valerianic  acids,  e.  g.,  C12  H13  N04-f  3KO  +  3HO 
=  2KO  .  C02  +  H3  N  +  4H  +  KO  .  C10  H9  03. 

No  one  of  these  three  has  been  found  isolated  in  animal  fluids. 

Glycin,1  which  often  appears  as  a  product  of  decomposition  of 
animal  substances,  by  means  of  strong  acids  or  alkalies,  has  attained 
a  higher  interest  from  its  occurring  in  certain  animal  acids  as  a 
nitrogenised  pairling  or  conjugate:  thus,  e.g.,  in  the  bile,  it  is  con- 
tained paired  with  cholic  acid  as  glycocholic  acid;  hippuric  acid  also 
yields  glycin  when  treated  with  strong  acids,  on  which  account  it 
was  long  regarded  as  glycobenzoic  acid. 

Sarcosin  is  known  only  as  a  product  of  decomposition  of  creatin 
by  means  of  caustic  baryta. 

Leucin  arises  very  frequently  in  the  putrefaction  of  animal  sub- 
stances, or  by  fusing  them  with  hydrate  of  potash,  or  when  they 
are  disintegrated  by  sulphuric  acid. 

Next  to  the  above-named  bodies  is  ranked  tyrosin,  C,b  II,,  N  0,. 
a  nearly  neutral  substance,  which  is  formed  by  the  decomposition 
of  nitrogenised  animal  matter,  by  means  of  concentrated  acids  or 
alkalies. 

The  following  nitrogenised,  crystallizable  substances  are  all  found 
ready  formed  in  the  animal  body,  but  are  characterized  as  products 

1  This  substance  is  also  known  as  glycochol,  or  gelatin  sugar. 
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of  decomposition  resulting  from  the  metamorphoses  of  nitrogenised 
tissues  and  fluids.     "We  here  consider  : — 


Creatin    . 

,         . 

.        •    C8  H9  K3     0, 

Creatinin 

. 

.     C8  H7  N3     Or 

Urea 

. 

.        .    02  H4  N2     02. 

Allantoin 

. 

■        •     C8  H5N4     05. 

Guanin   . 

. 

.        •     C10H5N5     02. 

Lien  in     . 

. 

? 

Cystin     . 

.  • 

.    C6  H6  N  S2  04. 

Taurin    . 

. 

.    C4  H7  N  S2  06. 

These  immediate  elements  of  animal  fluids  are  not  properly  to  be 
reckoned  among  the  alkaloids ;  for  it  is  very  improbable  that  they 
are  constituted  according  to  the  ammonia  type,  not  only  because 
they  mostly  (except  creatinin)  have  so  slightly  basic,  or  quite  neutral 
properties,  but  also  because  their  large  content  of  nitrogen  corre- 
sponds but  little  with  that  hypothesis.  The  cyanogen  type  is  rather 
to  be  suspected  in  them. 

Ceeatin  forms  a  constant  element  of  the  juices  of  voluntary  and 
involuntary  muscles.     In  different  animals,  and  in  different  muscles 

Fie-.  3. 


Creatin. 


of  the  same  animal,  it  is  found  in  very  different,  but  always  very 
small  quantities,  i.  e.,  0.07  to  0.32  per  cent,  of  flesh.  Lean  meat 
contains  always  rather  more  creatin  than  fat  meat.  In  .the  flesh  of 
fowls  has  been  found  the  largest  proportion  of  creatin ;  then,  in  a 
descending  series,  in  the  horse,  fox,  doe,  stag,  hare,  ox,  sheep,  calf, 
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and  fish.      The  flesh  of  man   contains  about  0.067  per  cent,  of 
creatin. 

Creatin  has  also  been  found  in  the  blood,  and  more  decidedly  in 
the  urine,  though  always  in  very  small  quantities. 

[It  has  been  suggested  that  the  substances  in  the  urine,  frequently 
taken  for  lactates,  were  in  reality  creatin  and  creatinin.  The  ready 
solubility  (one  part  in  70  of  water)  of  creatin  prevents  its  being 
often  presented  in  urinary  deposits,  as  its  proportion  in  health  can- 
not be  more  than  one  part  in  1000 ;  but,  recently,  attention  has 
been  called  by  Dr.  Miltenberger,  Professor  of  Pathology  in  the 
University  of  Maryland,  to  crystals  of  creatin  formed  by  spon- 
taneous evaporation  of  urine  containing  oxalate  of  lime.  Some 
doubt  was  thrown  upon  this  at  first,  and  it  was  suggested  that  they 
might  be  irregular  forms  of  chloride  of  sodium :  but  I  have  suc- 
ceeded in  finding  them  in  two  cases  of  oxaluria.  The  application 
of  a  drop  of  the  solution  of  nitrate  of  silver  removes  all  suspicion 
of  their  being 'chloride  of  sodium ;  the  latter  is  instantly  transformed, 
under  the  microscope,  into  a  dark,  granular  mass,  while  creatin  is 
unaffected,  or  slightly  browned. — J.  C.  M.] 

It  is  formed  by  the  action  of  the  muscles  in  life,  and  therefore  is 
a  product  of  their  retrogressive  metamorphosis.  Its  ready  decom- 
position into  different  excretory  elements,  such  as  creatinin,  sarcosin, 
and  urea,  as  also  the  fact  of  its  being  secerned  in  the  urine,  are  in 
favor  of  its  excrementitious  nature. 

Creatinin,  which  may  be  artificially  prepared  from  creatin,  and 
distinguishes  itself  from  the  rest  of  these  bodies  by  its  strong  alka- 
line reaction,  is  found  likewise  in  the  fluids  of  muscles  ;  it  has  been 
detected,  also,  in  the  blood,  the  liquor  amnii,  and  particularly  in  the 
urine.  In  the  latter,  it  occurs  in  relatively  greater,  in  the  muscles 
in  relatively  smaller,  quantities  than  creatin.  That  it  also  results  in 
the  animal  economy  from  creatin,  is  then  highly  probable,  not  only 
from  the  mode  of  obtaining  it  artificially,  but  also  from  its  mode  of 
occurrence ;  hence  it  is  to  be  regarded,  even  more  than  creatin,  as 
an  excretory  substance. 

Urea  is  the  most  important  constituent  of  the  urine  ;  in  that  of 
man,  it  forms  77  to  82  per  cent,  of  the  solid  constituents,  in  that  of 
the  carnivora  often  more.  In  human  urine,  whose  very  varying 
quantity  of  water  causes  the  proportions  of  its  solid  constituents  to 
appear  very  different,  from  1.5  to  3.8  per  cent,  of  urea  are  contained, 
averaging  2.5  per  cent.,  under  ordinary  circumstances. 
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[In  order  to  ascertain,  approximately,  the  quantity  of  urea  in  a 
specimen  of  urine,  a  small  portion  of  the  urine  is  evaporated  to  half 
its  bulk,  and  an  equal  quantity  of  nitric  acid  is  added  ;  on  standing, 
a  crystalline  deposit,  the  nitrate  of  urea,  separates,  which  should  be 


Fig.  4. 


Nitrate  of  urea. 


collected  on  a  filter,  redissolved  in  alcohol,  and  recrystallized.     This 
method  is  sufficiently  accurate  for  practical  purposes. — J.  C.  M.] 

A  healthy  man  excretes,  in  24  hours,  from  340  to  679  grains  (on 
the  average  about  494  grains) ;  but  the  quantity  depends  very  much 
on  the  external  and  internal  conditions  of  the  organism  :  thus,  by 
men  whose  weight  is  over  238  pounds,  570  to  617  grains  are  dis- 
charged daily  ;  by  those,  on  the  other  hand,  whose  weight  is  only 
132  pounds,  432  to  494  grains.  Under  exclusively  animal  diet,  as 
much  as  895  grains,  under  food  containing  little  nitrogen,  less  than 
232  grains,  are  excreted  in  24  hours.  Under  non-nitrogenised  diet, 
urea  does  not  entirely  disappear  from  the  urine,  any  more  than  by 
prolonged  abstinence  from  all  food ;  the  quantity  excreted  is  only 
notably  lessened.  Hence,  in  diseases  in  which  a  spare  diet  is  ob- 
served, the  quantity  excreted  is  much  diminished,  although  the  con- 
centrated urine  discharged  at  one  time  appears  rich  in  this  substance. 

Violent  bodily  exercise  causes  an  increased  excretion  of  urea.  Men 
discharge  in  an  equal  time  more  of  this  substance  than  women  and 
children;  but,  in  proportion  to  their  weight,  children  often  dis- 
charge twice  as  much  as  adults. 

It  is  worthy  of  remark  that  the  quantity  of  urea  secreted  daily 
increases  with  that  of  the  water  (without  any  determinate  numeri- 


NITROGENISED  BASIC  AND  NEUTRAL   BODIES.  85 

cal  ratio  being  observable).  If  much  water,  then,  is  discharged  in 
the  urine,  more  urea  is  also  secreted. 

In  healthy  Mood,  only  very  small  quantities  of  urea  are  found,  as 
it  is  separated  from  it  so  quickly  by  the  kidneys.  An  abnormal 
increase  appears  only  to  occur  in  cases  of  deficient  function  of  the 
kidney,  which  are  usually  combined  with  a  degeneration  of  that 
organ. 

When  urea  is  secreted  in  but  small  quantity,  or  not  at  all,  by  the 
kidneys,  it  is  found  in  most  of  the  animal  fluids,  especially  in  the 
sweat;  sometimes  in  such  quantities  that  the  latter,  by  spontaneous 
evaporation,  forms  a  bluish- white  crust,  consisting  mainly  of  urea, 
on  the  skin  (especially  the  face).  Under  these  circumstances  it  is 
met  with  not  only  in  all  serous  transudations,  but  also  in  the  saliva, 
in  the  bile,  and  especially  in  the  fluids  vomited. 

Urea  is  also  found  normally  in  the  aqueous  humor  and  in  the 
liquor  amnii. 

The  opinion  that  urea  is  formed  in  the  kidneys  has  long  been 
abandoned,  as  it  was  proved  that  it  accumulated  in  the  blood  and 
other  fluids,  upon  their  extirpation  or  entire  degeneration.  That  it 
arises  out  of  the  nitrogenised  constituents  of  the  organism,  scarcely 
needs  proof;  we  know  from  theoretical  chemistry  how  readily  it 
occurs  as  a  product  of  decomposition  or  change  of  other  nitrogen- 
ised substances;  its  artificial  preparation  is  well  known.  As  the 
metamorphosis  of  tissue  in  the  muscles  is  the  most  active  in  the 
organism,  it  is  generally  regarded  as  for  the  most  part  the  product 
of  the  effete  muscular  tissue ;  but  doubtless  it  is  also  formed  by  the 
metamorphosis  of  other  organs :  hence  it  is  found  in  the  urine  after 
non-nitrogenised  diet  or  prolonged  abstinence.  Whether  it  is 
formed  in  those  places  at  which  the  metamorphosis  is  progressing, 
or  in  the  blood,  cannot  be  decided  with  certainty ;  while  there  is 
much  reason  for  supposing  that  it  is  formed  by  preference  in  the 
blood,  from  other  nitrogenised  substances,  which  are  to  be  regarded 
as  the  debris  of  the  organs,  as  products  of  the  metamorphosis  of 
tissues.  Thus,  out  of  the  organism,  creatin  and  uric  acid,  as  we 
know,  separate  readily  into  urea  and  other  substances;  these,  as 
well  as  glycin,  alloxantin,  thein,  &c,  when  taken  by  the  mouth,  are 
decomposed  into  urea  and  other  substances,  of  which  the  former  is 
found  in  increased  quantity  in  the  urine.  In  the  muscles  them- 
selves, creatin  has  been  detected,  but  not  urea.  Finally,  it  is  not 
very  probable  that  the  increase  of  urea  in  the  urine  would  take 


86 


ZOOCHEMISTRY. 


place  so  soon  after  partaking  abundantly  of  gelatin-yielding  sub- 
stances, unless  the  nitrogenised  materials  are  immediately  consumed 
in  the  blood,  and  their  nitrogen  united  with  certain  other  elements 
to  form  urea. 

Its  formation,  then,  takes  place  principally  in  the  blood,  and  its 
origin,  according  to  the  last-mentioned  phenomenon,  is  to  be  sought 
not  only  in  the  destruction  of  nitrogenous  parts  of  organs,  but  also 
partly  in  the  species  of  food  taken. 

Allantoin  is  found  in  the  fluid  of  the  allantois  of  the  cow,  and 
in  the  urine  of  calves  while  they  are  suckled ;  as  soon  as  they  par- 
take of  vegetable  food  it  disappears,  and  hippuric  acid,  which  pre- 
viously was  wanting,  takes  its  place. 

Guanin  is  found  in  the  excrement  of  certain  sea-birds  (in  guano) 
and  spiders,  as  also  in  the  green  organ  of  river  crawfish,  and  the 
organ  of  Bojanus  of  the  Anodonta  cygnea. 

Cystin  has  been  found,  though  rarely,  in  urinary  calculi,  and  as 
a  sediment  in  the  urine.     As  neither  its  internal  constitution  has 


Fig.  5. 


Cystin. 


been  investigated,  nor  the  pathological  conditions  ascertained  under 
which  it  is  formed  in  the  body,  we  are  still  wholly  in  the  dark  as  to 
its  origin.  This  substance  contains  a  large  proportion  of  sulphur. 
Taurin  is  found  in  the  bile  of  most  animals,  coupled  with  cholic 
acid.  As  taurocholic  acid  is  soon  decomposed  in  the  small  intes- 
tines, we  find  small  quantities  of  taurin  in  the  contents  of  the  small 
and  large  intestines,  and  in  the  solid  excrements.     That  it  is  formed  in 


NITROGENISED   PAIRED  ACIDS. 


87 


the  liver  is  highly  probable,  according  to  what  we  shall  learn  of  its 
origin  under  "Bile." 


Fig.  6. 


Taurin. 


Lienin  has  hitherto  been  found  only  in  the  fluid  of  the  spleen, 
and  has  not  been  very  closely  investigated.  As  most  of  the  pecu- 
liar components  of  the  splenic  juice  are  characterized  as  products  of 
retrogressive  metamorphoses,  lienin  probably  belongs  also  to  them. 
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"We  embrace  in  this  group  the  following  nitrogenised  bodies, 
whether  a  determinate  nitrogenised  pairling  has  been  detected  in 
them  or  not: — 

Hippuric  acid     . 

Glycocholic  acid 

Hyocholic  acid  . 

Taurocholic  acid 

These  four  acids  are  characterized  especially  as  conjugated,  or 
paired,  since,  on  being  treated  with  concentrated  acids,  or  even  alka- 
lies, they  are  resolved  into  a  nitrogenised  body,  which  is  usually  re- 
garded as  the  pairling,  and  a  non-nitrogenised  acid. 

Hippuric  acid  has  hitherto  been  commonly  regarded  as  benzoic 
acid  paired  with  glycin,  as  it  is  resolved  into  glycin  and  that  acid 
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by  digestion  with  concentrated  mineral  acids  (C18  H8  N  05  +  2HO 
=  C4  H5  N  04  +  C,4  H5  03) ;  but,  as  it  yields  with  nitrous  acid  the 
before-mentioned  benzoglycic  acid  (C18  H9  N  06  4-  N03  =  2N  +  2HO 
+  C18  H7  07),  the  opinion  has  become  more  probable  that  it  is  a 
true  amid  of  benzoglycic  acid  (H2  N .  C18  H7  06),  which,  like  aspa- 
ragic  acid  (the  amid  of  malic  acid),  still  possesses  acid  properties. 
It  is  uncertain  whether  a  similar  relation  obtains  in  regard  to  gly- 
cocholic  and  hyocholic  acids,  which  also  yield  glycin  by  treatment 
with  acids  or  alkalies;  hitherto  they  have  been  viewed  as  acids 
paired  with  glycin,  according  to  the  theoretical  formula  for  glyco- 
cholic  acid  =  C4  H3  N  02 .  C48  H39  09,  and  for  hyocholic  acid  =  C4  H3 
N  0„ .  CL  H,n  Oa.  Taurocholic  acid  is  resolved  into  taurin  and  cho- 
loidic  acid  by  treatment  with  acids ;  hence  it  is  regarded  as  cholic 
acid  paired  with  taurin  =  C4  H6  N  S2  05 .  C48  H39  09. 

The  two  acids — 

Inosic  acid    .        .        .        .        C40  H6  N2  010 .  HO, 

and  Pneumic  acid         ...  ? 

have  been  as  yet  too  little  investigated  to  enable  us  to  indicate  their 
pairling,  and  the  acid  paired  with  it. 

One  of  the  most  important  acids  belonging  to  this  class  stands  in 
composition,  and  even  in  some  of  its  properties,  in  very  close  rela- 
tions to  two  neutral  animal  substances,  hypoxanthin  and  xanthin, 
as  is  seen  by  the  following  formulae : — 

Hypoxanthin  .         .         .         .         C10  H4  N4  02. 

Xanthin C10  H4  N4  04. 

Uric  acid C10  H4  N4  06. 

These  combinations  resemble  different  stages  of  oxidation  of  the 
same  radical  =  C10  H4  N4.  It  is  also  worthy  of  note  that  xanthin 
forms  a  homologous  series  with  two  vegetable  nitrogenised  bodies, 
which,  according  to  this,  differ  from  each  other  by  a  certain  number 
of  carbohydrogen  atoms,  viz : — 

Xanthin C10  H4  N4  04. 

Theobromin C14  H8  N4  04. 

Thein C16  H10  N4  04. 

That,  moreover,  the  homology  of  these  three  bodies  is  no  acci- 
dental freak  of  nature,  results  from  other  investigations  as  to  the 
mode  of  disintegration  of  thein  and  theobromin ;  for,  according  to 
these  observations,  these  vegetable  substances  afford,  under  analo- 
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gous  conditions,  products  of  decomposition  which   are  perfectly 
homologous  with  those  of  the  animal  substance. 

Hippuric  ACID  is  found  in  great  quantity  in  the  urine  of  herbi- 
vorous mammalia;  it  also  exists  in  that  of  some  of  the  amphibia, 
e.  g.  of  Testudo  graeca ;  it  is  also  a  constant  element  of  human  urine 

Fig.  7. 


Hippcric  Acid. — 1,  2.  Irregular  crystalline  masses  of  hippuric  acid.     3,  4,  5,  6.  Acicular 
crystals  in  different  positions,  sometimes  also  crossing  each  other  at  right  angles. 

after  the  use  of  mixed  or  vegetable  food.  Our  observations  are  not 
yet  sufficiently  numerous  to  enable  us  to  decide  how  far  the  amount 
of  hippuric  acid  is  increased  or  diminished  in  disease.  It  has  been 
detected  in  the  blood  in  very  small  quantities,  though  with  cer- 
tainty. From  what  substances  especially,  and  in  what  places,  hip- 
puric acid  is  formed,  cannot  be  determined  with  certainty ;  for 
neither  its  theoretical  constitution,  nor  the  well-known  change  of 
benzoic  acid  in  the  organism  into  hippuric  acid,  nor  the  appearance 
of  unaltered  benzoic  acid  in  the  sweat,  is  sufficient  for  forming  an 
opinion  as  to  its  mode  of  production. 

Glycocholic  acid  is  found  principally  in  ox-gall,  and  exists 
also  in  the  bile  of  several  other  animals,  although  mostly  in  rela- 
tively small  quantities.  It  is  speedily  decomposed  in  the  alimentary 
canal.  It  is  probable  that  this  acid  is  formed  in  the  liver.  Its  func- 
tion in  the  alimentary  canal  may  correspond  with  that  of  the  bile 
in  general,  viz:  the  absorption  of  fat. 
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Hyocholic  Acid  is  found  in  the  bile  of  swine,  taking  the  place 
of  glycocholic  acid  in  the  organism  of  other  animals. 

Taurocholic  acid  is  found  in  the  bile  of  man  and  the  ox,  and 
probably  in  the  sulphuretted  bile  of  the  fox,  bear,  sheep,  dog,  wolf, 
goat,  of  several  birds,  and  fresh-water  fishes;  in  the  bile  of  the  boa 
anaconda  it  appears  to  exist  alone,  i.  e.  without  any  non-sulphuretted 
resinous  bile  acid.  In  the  blood,  in  transudations,  and  in  the  urine, 
taurocholic  acid  may  be  detected  in  all  cases  where  the  excretion  of 
bile  is  repressed  or  interfered  with.  In  the  alimentary  canal  this 
acid  is  also  soon  decomposed,  so  that  we  find  there  free  taurin  and 
choloidic  acid,  &c.  It  is  scarcely  to  be  doubted  that  this  acid  is 
formed  in  the  liver.  Its  function,  as  a  means  of  promoting  the 
absorption  of  fat,  will  be  more  fully  discussed  under  "  The  Bile." 

Inosic  acid,  which  has  as  yet  been  found  only  in  the  fluids  of 
flesh,  and  Pneumic  acid,  which  appears  to  exist  only  in  those  of 
the  lungs,  are  too  little  known  for  the  formation  of  an  opinion  con- 
cerning their  origin  and  function. 

Hypoxanthin  was  found,  in  the  first  instance,  in  the  juice  of 
the  spleen,  and  afterwards  in  the  fluids  of  the  cardiac  muscle  of  the 
ox.  It  also  exists  in  the  blood,  in  small  proportions,  which  increase 
notably  in  that  disease  of  the  spleen  called  Leuchozmia.  The  close 
relation  in  which  this  substance  stands  to  xanthin  and  to  uric  acid 
indicates  significantly  enough  that  it  is  to  be  regarded  as  a  product 
of  change,  and  an  excretory  substance. 

Xanthin  has  been  found,  though  rarely,  in  urinary  calculi. 
Under  what  conditions  this  substance  is  formed  in  the  body,  and 
gives  rise  to  the  formation  of  such  concretions,  is  entirely  unknown. 

Uric  acid  is  a  constant  constituent  of  human  urine,  which  con- 
tains, on  an  average,  about  0.1  per  cent,  of  it.  It  is  found  in  smaller 
quantities  in  the  urine  of  carnivorous  mammalia,  but  not  at  all  in 
that  of  omnivora  or  herbivora  (it  is  only  found  in  that  of  calves  while 
sucking).  The  urine  of  birds  and  serpents  consists  almost  entirely 
of  urates.  Uric  acid  has,  finally,  been  found  also  in  the  urine  of 
tortoises,  and  in  the  red  excrements  of  butterflies,  as  also  in  those 
of  beetles  and  caterpillars,  in  the  biliary  ducts  of  which,  especially, 
it  is  accumulated. 

The  proportion  of  uric  acid  in  human  urine  varies,  of  course, 
with  its  concentration;  hence  the  highly  concentrated  morning 
urine  contains  often  0.8  per  cent.,  without  any  absolute  increase  of 
the  acid.   The  absolute  quantity  of  uric  acid  in  human  urine  varies 
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but  little,  according  to  the  kind  of  diet;  an  absolute  increase  of  the 
quantity  daily  excreted  is  found  in  disordered  digestion,  especially 

Fig.  8. 


Crystals  of  uric  acid. 


after  the  use  of  indigestible  food  and  alcoholic  drinks,  and  in  all 
diseases  accompanied  by  violent  fever.  In  these  cases,  uric  acid  is 
deposited  from  the  urine  as  it  cools,  generally  combined  with  soda 


Fig.  9. 


Urate  of  soda. 


as  an  amorphous  granular  sediment,  which  may  be  recognized  by 
its  ready  solubility  on  the  application  of  heat.  We  observe,  espe- 
cially, an  increase  of  uric  acid  with  the  formation  of  this  sediment 
(which,  however,  does  not  always  indicate  an  absolute  increase  of 
uric  acid,  but  only  a  greater  concentration  of  the  urine),  in  all  cases 
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which,  are  connected  with  a  disturbance  of  the  respiratory  functions 
or  of  the  circulation,  as  e.  g.  in  emphysema  of  the  lungs,  diseases  of 
the  heart,  liver,  &c.  In  acute  arthritis,  the  uric  acid  in  the  urine  is 
augmented  before  the  occurrence  of  the  paroxysm;  during  it,  how- 
ever, and  in  chronic  gout,  it  is  diminished.  Free  uric  acid  is  very 
seldom  found  in  recently  passed  urine ;  but  the  urine  of  fever  has 
this  peculiarity,  that  it  becomes  acid  in  the  air  sooner  than  normal 
urine,  and  deposits  crystals  of  uric  acid.  Urate  of  ammonia  is  like- 
wise a  product  of  fermentation  of  urine,  but  of  the  alkaline,  which 
generally  occurs  out  of  the  body ;  but  in  obstinate  vesical  catarrh 
(especially  in  paralysis  of  the  bladder)  the  urine  becomes  alkaline  in 
the  bladder,  and  contains  then,  when  recently  discharged,  this  salt  in 
the  shape  of  dark-brown  granules  surrounded  with  delicate  needles. 
Uric  acid  is  found  in  the  blood  only  in  very  small  quantities,  slightly 
increased  in  arthritis  and  in  Bright's  disease.  It  is  detected  as  a 
constant  element  of  the  fluid  expressed  from  the  spleen.  Urate  of 
soda,  crystallized,  is  contained  in  most  of  the  so-called  chalk-stones. 
It  is  thought  also  to  have  been  found  in  the  sweat  of  those  suffering 
under  gout. 

Uric  acid  is,  like  urea,  an  excretory  product.  It  stands  in  very 
close  relation  to  the  latter,  inasmuch  as  a  great  part  of  the  urea 
in  the  organism,  and  even  in  the  blood,  seems  to  be  formed  from 
it;  at  least  this  is  indicated  by  the  circumstance  that,  after  the 
ingestion  of  uric  acid,  this  appears  again  in  the  urine,  not  as  acid, 
but  as  urea  (exactly  as  uric  acid  yields  urea  on  being  treated  with 
peroxide  of  lead).  On  the  other  hand,  in  urine  which  contains 
much  uric  acid,  relatively  little  urea  is  usually  found.  We  also 
find  uric  acid  occurring  in  increased  quantities  in  the  urine  in  cases 
of  interruption  of  the  respiratory  functions  and  of  the  circulation 
of  the  blood. 


NON-NITROGENISED  BASES.     HALOID  BASES. 

We  have  seen,  in  the  introduction  to  Zoochemistry,  that  there 
are  many  carbohydrogens,  in  part  polymeric,  which  comport  them- 
selves like  elements,  and  resemble  in  many  respects  the  metals. 
These  carbohydrogens  form,  with  one  atom  of  oxygen,  basic  bodies 
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which  unite  with  water,  as  also  with  acids,  forming  with  the  latter 
both  neutral  and  acid  salts. 

It  is  well  known  that  the  study  of  these  bodies  has  greatly  ad- 
vanced theoretical  chemistry ;  but,  unfortunately,  these  studies  have 
as  yet  exercised  no  very  important  direct  influence  on  zoochemistry, 
as  in  the  latter  these  substances  are  as  yet  only  of  secondary  im- 
portance. Ilence  we  recall  to  remembrance,  in  regard  to  them,  only 
the  following : — 

All  these  oxides  form  combinations  with  water,  the  so-called 
alcohols,  which  present  in  some  respects  very  important  differences 
from  the  anhydrous  oxides,  the  so-called  ethers.  The  alcohols  are 
generally  regarded  as  hydrates  of  the  ethers,  but  later  discoveries, 
viz:  those  of  the  compound  species  of  ethers,  have  rendered  this  view 
somewhat  doubtful.  If  potassio-alcohol  [C4HsO .  K  0]  is  treated  with 
iodide  of  methyl,  or  the  bisulphate  of  the  oxide  of  methyl  and  pot- 
ash, we  should  expect  the  simultaneous  formation  of  oxide  of  methyl 
(C2  H3  O)  and  oxide  of  ethyl  (C4  H5  0) ;  but,  instead  of  this,  a  new 
ether  is  formed,  of  the  composition  C3  H4  O.  It  has,  hence,  been 
concluded  that  ordinary  alcohol  contains  but  one  atom  of  oxygen, 
and  thus  is  not  C4  H6  02,  but  C2  H3  O.  It  has  then  been  further  con- 
ceived, in  conformity  with  the  atomic  theory,  that  water  contains 
two  atoms  of  hydrogen  to  one  of  oxygen,  and  that  in  alcohol  only 
one,  in  ether  both,  atoms  of  hydrogen  are  replaced  by  ethyl ;  that 
in  the  above-mentioned  compound  ether,  one  atom  of  the  hydrogen 
of  water  is  replaced  by  ethyl,  the  other  by  methyl.  This  mode 
of  viewing  them,  which  has  much  in  its  favor,  makes  the  alcohols 
appear  in  a  light  very  different  from  that  of  hydrates. 

The  better  known  non-nitrogenised  organic  bases,  and  their  so- 
called  hydrates,  are  generally  fluid  and  very  volatile  bodies;  but 
here,  as  with  the  fat  acids,  they  become  less  volatile  as  the  atomic 
weight  increases,  i.  e.  the  more  carbohydrogen  atoms  they  contain, 
and  present  themselves  as  soft,  and  finally  as  solid  bodies.  The 
alcohols  are,  as  a  rule,  less  volatile  than  the  corresponding  ethers. 

The  combinations  of  these  bodies  with  acids,  whether  organic  or 
inorganic,  have  many  peculiarities  by  which  they  differ  from  other 
salts.  We  may  mention  that  they  are  not  as  easily  resolved  into 
their  proximate  components  by  single  or  double  elective  affinity, 
and  that  when  decomposed  they  absorb  water,  so  that  both  acid  and 
base  become  hydrates;  for  it  is  worthy  of  remark  that  these  neutral 
salts  never  contain  water,  and  hence  never  form  hydrates,  as  inor- 
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ganic  salts  often  do.  It  is  also  remarkable  that  the  neutral  salts  of 
most  of  these  bases  volatilize  unchanged,  while  their  acid  salts  all 
decompose  on  heating.  The  acid  salts  all  redden  litmus,  but  none 
of  the  neutral. 

Several  homologous  series  of  these  bodies  also  may  be  arranged, 
whose  individual  members  differ  by  C2H2;  the  best  known  of  them 
is  the  ethyl  series  =  Cn  Hn+1  O.  Of  these  the  following  have  some 
interest  in  zoochemistry  : — 

Doeglic  oxide      .....  C24  H2S  O. 

Oxide  of  cetyl C32  H33  O. 

Oxide  of  cerotyl  .        .        .        .  CJ4  H55  O. 

Oxide  of  melissyl        .         .         .         .  C^  H61  O. 

The  existence  of  doeglic  oxide  has  been  as  yet  determined  only 
from  the  analysis  of  the  unsaponified  train-oil  (fat  of  the  Balcena 
rostrata),  and  the  absence  of  glycerin. 

The  hydrate  of  oxide  of  cetyl,  ethal,  is  found  combined  with 
cetylic  acid  only  in  spermaceti,  the  fat  of  the  sperm-whale. 

The  oxide  OF  CEROTYL,  cerotin,  is  contained  principally  in  China 
wax  combined  with  cerotic  acid. 

The  oxide  of  melissyl,  myricin,  exists  in  wax. 

A  second  homologous  series  of  non-nitrogenised  bases  corresponds 
with  the  formula  Cn  Hn_1  0.  Among  these  the  hypothetical  oxide 
of  lipyle,  C3  H2  0,  alone  possesses  any  physiological  interest :  from 
this  base,  it  is  supposed,  glycerin  =  C6  H7  05 .  HO,  results  in  the 
decomposition  of  neutral  fats.  Of  the  combinations  of  this  body 
with  the  fat  acids,  and  their  entire  relations  in  the  animal  organism, 
we  have  spoken  above  (pp.  68-72).  It  is  only  necessary  to  mention 
here  glycero-phosphoric  acid  ==  C6  H7  05  +  2H0  -f  P05,  which  has 
been  ascertained  to  be  probably  a  constituent  of  the  yolk  of  the  eggs 
of  birds  and  fishes,  and  also  of  the  brain.  The  origin  of  glycerin  in 
the  animal  body,  from  the  neutral  fats,  is  undoubted ;  the  circum- 
stance, however,  that  neutral  fats,  in  glycerin-yielding  substances, 
almost  exclusively  are  introduced  into  the  animal  body,  while  many 
free  fat  acids  exist  in  the  organism,  in  connection  with  the  small 
quantity  of  glycerin  combined  with  phosphoric  acid,  indicates  its 
application  to  a  far  different  purpose.  It  is  possible  that  it  passes 
into  metacetonic  acid  (as  in  fermentation  with  yeast),  which  is  im- 
mediately consumed  in  the  blood. 
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A  third  group  of  these  bodies  has  scarcely  any  basic  properties. 
As  yet  only  two  members  of  it  are  known,  viz : — 

Hydrated  oxide  of  phenyl  .         .        C12  H5  0  .  HO. 
Hydrated  oxide  of  tauryl    .         .         C14  H7  O  .  HO. 

Hydrated  OXIDE  OF  phenyl,  also  called  phenylic  or  carbolic  acid, 
has  been  found  with  certainty  only  in  castoreum.  Whether  it  oc- 
curs, together  with  salicylous  and  salicylic  acid,  after  the  use  of 
salicin,  is  yet  doubtful,  inasmuch  as,  even  in  very  small  quantities, 
it  acts  poisonously  on  animal  life. 

Hydrated  oxide  of  tauryl,  taurylic  acid,  has  been  found  only 
in  the  urine  of  cows,  in  very  small  quantity. 


LIPOIDS. 

These  bodies,  often  called  also  unsaponifiable  fats,  are  neutral, 
resembling  the  fats  in  many  of  their  physical  properties,  but  corre- 
sponding with  them  neither  in  composition  nor  in  modes  of  decom- 
position.    Among  these  bodies  are  reckoned — 

Cholesterin C28  H24  0. 

Castorin       ......  ? 

Ambrin       ......  ? 

Serolin ? 

Cholesterin  exists  very  abundantly  in  the  animal  organism, 
partly  dissolved  by  soaps  or  taurocholate  of  soda,  partly  suspended 
or  deposited  in  rhombic  plates,  the  obtuse  angle  of  which  measures 
100°  30'.  Its  presence  in  the  bile  is  well  known,  where  it  is  almost 
always  in  solution.  Suspended  cholesterin  has  very  seldom  been 
found  in  diseased  bile ;  but  biliary  calculi  are  very  common,  the 
most  of  which  consist  of  it  almost  wholly.  This  body  is  also  a 
normal  constituent  of  the  blood,  but  in  very  varying  proportions 
(from  0.0025  to  0.0200  per  cent.) ;  it  increases  in  that  of  old  per- 
sons, and  on  the  occurrence  of  diseases  accompanied  with  fever. 
Cholesterin  is  likewise  a  constant  constituent  of  the  brain.  In  pus 
it  is  seldom  wanting.  It  is  often  found  in  dropsical  transudations, 
viz:  in  great  quantities  occasionally  in  the  fluid  of  hydrocele;  also 
in  exudations,  especially  in  softening  tubercles,  old  sacs  of  echino- 
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cocci,  degenerated  ovaries,  and  testicles;  also  on  the  inner  coat  of 
atheromatous  arteries,  in  tumors,  particularly  encysted  tumors  (me- 
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Crystals  of  cholesterin,  with  mucous  corpuscles  and  blood-discs. 

licera),  cholesteatomata,  and  carcinomata.  From  the  bile,  choles- 
terin passes  into  the  solid  excrements,  and  thus  is  found  in  meconium. 

We  are  wholly  in  the  dark  as  to  the  source  of  cholesterin.  It  is 
never  found  in  the  vegetable  kingdom.  Its  theoretical  chemical 
constitution  is  so  little  ascertained,  that  no  hypothesis  of  its  mode 
of  origin  can  be  grounded  thereupon ;  but  its  mode  of  occurrence 
in  the  animal  body  indicates  that  it  is  to  be  regarded  rather  as  a 
product  of  metamorphosis  and  an  excretory  substance.  It  scarcely 
appears  to  subserve  any  important  purpose  in  the  animal  body  pre- 
vious to  its  excretion. 

The  two  easily  crystallizable  lipoids,  castorest,  which  is  found 
only  in  castor,  and  ambrin,  found  in  amber,  have  been  too  slightly 
investigated,  chemically,  to  possess  as  yet  any  physiological  interest, 
even  on  account  of  their  rarity. 

Serolin,  so  called,  is  nothing  more  than  a  mixture  of  the  crys- 
tallizable fats  contained  in  the  serum  of  the  blood. 
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NON-NITROGENISED  NEUTRAL  BODIES.    CARBOHYDRATES. 

The  substances  belonging  to  this  class  have  been  called  carbo- 
hydrates, because  in  them,  together  with  carbon,  hydrogen  and 
oxygen  exist  in  the  same  proportions  as  in  water ;  it  is  also  worthy 
of  remark  that,  according  to  the  determinations  of  their  atomic 
weights,  the  number  of  atoms  of  carbon  is  always  divisible  by  6. 
In  spite  of  the  numerous  investigations  which  have  been  made  with 
several,  at  least,  of  these  substances,  it  is  still  impossible  to  form  an 
exact  conception  of  their  theoretical  constitution.  However  differ- 
ent the  physiological  properties  of  these  bodies  may  be,  even  when 
perfectly  isomeric,  they  have  many  resemblances  in  their  products 
of  decomposition.  They  are  all  so  indifferent  as  to  unite  with  diffi- 
culty with  other  bodies,  and  generally  in  several  proportions.  They 
are  all  decomposed  by  heat,  forming  acid  products  of  distillation, 
and  inflammable  gases  together  with  watery  vapor.  By  digestion 
with  dilute  acids,  they  pass  generally  into  grape  sugar.  By  con- 
centrated nitric  acid,  they  are  changed  into  oxalic,  or  mucic  and 
saccharic  acids ;  other  concentrated  mineral  acids  produce  from  them 
humus-like  substances.  As  is  known,  these  bodies  are  separated 
into  four  groups — sugars,  gums,  starches,  and  vegetable  fibrin.  The 
following  individual  members  only  of  these  groups  stand  in  rela- 
tion to  animal  chemistry 

0U  H]2  012  -f  2HO. 

^12  H,2   0,2. 

•        CIa  H12  012  +  4HO. 


Grape  sugar 
Lactin 
Inosit 
Paramylon   . 
Cellulose 


C12  Hw  °io- 
CI2  Hio  Ojo- 


Grape  sugar,  or  mucous  sugar  (so  called),  glucose,  is  always 
found  in  the  primas  vise  after  the  enjoyment  of  saccharine  and 
amylaceous  food,  especially  in  the  small  intestine ;  the  quantity  is 
generally  small,  since  the  sugar  is  immediately  absorbed  as  fast  as 
formed  from  the  starch.  In  the  chyle,  only  traces  of  it  are  found 
after  amylaceous  diet.  Sugar  is  a  constant  constituent  of  the  blood; 
that  of  the  hepatic  veins  is  especially  rich  in  it,  while  in  that  of  the 
portal  vein  (although  so  much  sugar  is  developed  in  the  intestinal 
canal,  and  necessarily  absorbed  by  the  veins)  only  traces  of  it  are 
accidentally  found.  Sugar  passes  into  the  urine,  in  normal  con- 
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ditions,  only  when  very  large  quantities  are  partaken  of  at  once,  or 
in  a  short  space  of  time ;  and  then  not  commonly,  as  it  is  rapidly 
decomposed  in  the  bladder.  It  passes  readily  into  the  urine  when 
it  has  been  injected  into  the  veins  in  sufficient  quantity.  Direct 
experiments  on  rabbits  have  taught  us  that  when  the  proportion  of 
sugar  in  the  blood  rises  above  0.4  per  cent,  it  appears  in  the  urine ; 
if  there  is  less  than  this  in  the  blood,  it  is  decomposed  within  the 
circulation.  In  that  very  obscure  disease,  diabetes  mellitus,  notable 
quantities  of  sugar  are  daily  excreted  with  the  urine.  In  Other  dis- 
eases, sugar  has  seldom  been  seen  to  pass  into  the  urine;  the  circum- 
stances and  conditions  under  which  this  happens  abnormally  are  as 
yet  by  no  means  satisfactorily  established.  The  discovery  that  the 
injury  of  the  base  of  the  fourth  ventricle  of  the  brain — that  is,  of 
the  medulla  oblongata  at  a  certain  point— is  followed,  for  several 
hours,  by  the  presence  of  sugar  in  the  urine,  has  been  confirmed, 
though  no  satisfactory  explanation  of  the  fact  has  been  presented. 
In  the  fluids  of  the  amnion  and  allantois,  sugar  has  occasionally 
been  found.  In  the  white  and  in  the  yolk  of  the  egg  a  little  sugar 
is  constantly  present;  during  incubation,  its  proportion  appears  to 
increase.  In  the  parenchymatous  fluid  of  the  liver,  sugar  is  also  found, 
when  neither  amylaceous  nor  saccharine  food  has  been  introduced 
into  the  organism.  In  the  liver  of  man,  mammalia,  and  birds,  the 
proportion  of  sugar  is  much  more  important  than  in  that  of  rep- 
tiles; in  the  recent  liver  of  man,  mammals,  and  birds,  we  find,  on 
an  average,  2  per  cent,  of  sugar;  in  that  of  reptiles,  at  most,  1 
per  cent.  It  is  remarkable  that  sugar  appears  not  to  be  contained  in 
the  liver  of  fishes.    In  disease,  it  frequently  vanishes  from  the  liver. 

In  diabetes,  sugar  is  found  in  all  the  serous  fluids,  in  the  saliva, 
in  the  matters  vomited,  in  the  solid  excrements,  and  occasionally  even 
in  the  sweat ;  not,  however,  in  the  brain,  spinal  marrow,  pancreas, 
or  spleen. 

Two  sources  of  sugar  in  the  organism  are  apparent :  the  saliva, 
the  pancreatic  and  intestinal  fluids,  change  the  starch  of  the  food 
into  sugar.  It  is,  however,  also  developed  in  the  liver,  probably 
from  nitrogenised  matters;  this  is  rendered  probable  not  only 
by  the  abundance  of  sugar  in  the  liver,  but  also  by  the  circum- 
stance that  the  blood  flowing  to  the  liver  (that  of  the  portal  vein) 
is  so  poor  in  sugar,  while  that  flowing  from  it  (that  of  the  hepatic 
vein)  is  richer  therein  than  the  blood  of  any  other  vessel.1      Under 

1  See  note  on  .the  blood  of  the  hepatic  veins. 
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"  Metamorphosis  of  Tissue"  we  will  treat  more  at  large  of  the  high 
physiological  importance  of  sugar. 

Lactin  appears  to  be  an  integral  constituent  of  the  milk  of  all 
the  mammalia ;  it  is  found,  however,  in  far  less  proportions  in  that 
of  carnivorous  than  in  that  of  herbivorous  animals.  (As  to  the  quan- 
tities of  sugar  contained  in  the  milk  of  different  animals,  see  "Milk.") 
Lactin  has  not  been  hitherto  detected  with  certainty  in  other  animal 
fluids.  As  only  the  fermentable  grape  sugar  is  found  in  the  blood, 
it  is  more  than  probable  that  lactin  is  first  developed  in  the  mam- 
mary glands,  and  from  the  former.  The  object  of  this  sugar  for  the 
nourishment  of  the  suckling  will  be  discussed  under  "Metamor- 
phosis of  Tissue." 

Inosit,  a  sugar  incapable  of  the  vinous  fermentation,  is  found, 
singularly  enough,  only  in  the  juice  of  the  cardiac  muscle. 

Paramylon,  a  substance  closely  resembling  starch,  has  been 
found  in  the  body  of  an  infusorial  animal,  Euglena  viridis. 

Cellulose,  which  forms,  as  is  known,  the  basis  of  all  vegetable 
cells,  is  found  only  in  some  of  the  lower  animals,  e.g.  in  the  mantle 
of  Phallusia  mammillaris,  in  the  cartilaginous  covering  of  the  simple 
Ascidise,  in  the  leathery  mantle  of  the  Cynthia?,  and  in  the  external 
tube  of  the  Salpoe.  Whether  cellulose,  or  a  similar  substance,  exists 
in  certain  parts  of  the  brain  of  higher  animals,  as  also  in  certain 
pathological  deposits,  is  still  very  doubtful. 

[The  existence  of  cellulose  in  the  human  economy  is  now  gene- 
rally acknowledged  by  physiologists.  It  has  been  found  normally 
in  the  ependyma  of  the  brain,  and  pathologically  in  that  form  of 
degeneration  of  the  spleen  known  as  the  "waxy  spleen."  Its  occur- 
rence in  other  organs  is  still  doubtful. — J.  C.  M.] 
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The  coloring  matters,  especially  those  which  are  animal,  belong 
to  the  substances  whose  theoretical  composition  is  but  imperfectly 
known.     To  animal  chemistry  belong — 

Haematin  ....         C44  EL^  N2  06  Fe. 

Bile-pigment    ....  ? 

Urine-pigment  ...  ? 

Melanin *  ? 
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ILematin  is  found  only  in  the  colored  blood-cells  of  the  higher 
animals,  intimately  mingled  with  their  haemato-crystallin ;  but  whe- 
ther the  hcematin,  as  separated  artificially,  is  identical  with  that 
dissolved  in  the  blood-cells,  and  whether  it  differs  from  the  latter 
somewhat,  as  coagulated  albumen  does  from  uncoagulated,  or  whe- 
ther it  is  wholly  a  product  of  transformation,  has  not  yet  been  posi- 
tively decided,  as  all  attempts  to  separate  soluble  hsematin  from 
hoemato-crystallin  have  hitherto  failed.  It  is  scarcely  to  be  expected 
but  that  the  proportion  of  the  heematin  to  the  blood,  as  a  whole, 
should  alter  with  the  number  of  the  blood-corpuscles ;  but  it  is  also 
at  least  probable  that  the  proportion  of  this  pigment  to  the  blood- 
corpuscles,  or  to  the  hasmato-crystallin,  is  variable;  for,  on  the  one 
hand,  we  find  the  intensity  of  color  of  the  individual  blood-cor- 
puscles very  different,  as  well  as  the  colored  haemato-crystallin  arti- 
ficially prepared  from  them;  and,  on  the  other  hand,  if  we  may 
judge  of  the  proportion  of  hosmatin  from  the  quantity  of  iron  in 
the  blood-corpuscles,  direct  analyses  have  proved  a  difference  in  the 
proportion  of  this  substance  in  them.  We  are  entirely  in  the  dark 
as  to  the  origin  of  hagmatin  in  the  blood.  That  it  must  perform  a 
particular  function  in  the  blood-corpuscles,  is  hardly  to  be  doubted; 
but  what  this  is  has  not  yet  been  ascertained,  for  it  is  only  an  hy- 
pothesis, founded  upon  the  changes  of  color  which  it  undergoes 
under  the  influence  of  certain  gases,  that  the  interchange  of  gases 
in  the  blood  is  affected  by  its  agency.  Hasmatin  appears  to  be  dis- 
integrated, like  the  blood-corpuscles,  principally  in  the  spleen;  at 
least,  a  modification  of  it  has  been  found  in  the  fluid  expressed  from 
the  latter.  When  blood  is  extravasated  in  the  body  (escapes  from 
a  vessel),  and  stagnates  for  some  time  in  the  cellular  tissue  or  pa- 
renchyma of  an  organ,  it  is  transformed  into  a  crystalline  body, 
generally  of  a  pomegranate-red  color,  hcematoidin. 

Bile-pigment  is  found,  as  its  name  indicates,  in  the  bile,  usually 
in  solution;  though  it  also  forms  either  entire  concretions,  or  their 
nuclei.  Chemically,  this  pigment  has  been  so  little  investigated, 
that  we  have  no  exact  idea  of  the  essential  difference  of  its  modi- 
fications; we  only  know  that  the  original  pigment,  especially  in 
man  and  the  carnivora,  is  brown,  cholejnjrrhin,  and  that  it  becomes 
green  even  in  the  gall-bladder,  by  gradual  oxidation,  or  when 
exposed  to  oxygen  itself.  In  the  bile  of  most  birds,  fishes,  and 
amphibia,  green  bile-pigment,  biliverdin,  alone  appears  to  exist.  In 
the  intestine  the  bile-pigment  is  very  soon  altered,   so  that,   even 


ANIMAL   COLORING  MATTERS.  101 

■with  nitrous  and  nitric  acids,  it  no  longer  affords  the  well-known 
play  of  colors  -,1  it  passes  into  a  yellow  pigment,  which  we  find  in 
the  excrements.  Bile-pigment  is  found  in  all  varieties  of  jaundice, 
in  the  blood  and  in  serous  fluids.  It  is  also  constantly  found  in  this 
disease  in  the  urine,  which  is  then  colored  brownish-red,  and  be- 
comes green  by  its  own  acid  fermentation  or  by  the  addition  of 
acids.  That  bile-pigment  is  formed  in  the  liver,  we  have  the  same 
reasons  for  believing  as  were  considered  valid  for  the  development 
of  the  bile-acids  there  (see  above,  p.  79).  In  the  meanwhile,  the 
hypothesis  that  bile-pigment  is  produced  from  hasmatin  has  found 
support  in  the  fact  that  the  former,  when  detained  long  in  the  gall- 
bladder, is  transmuted  into  a  substance  precisely  similar  to,  and 
crystallizing  like,  hoematoidin.  The  club  or  sausage-shaped  masses 
of  bile-pigment,  bilifulvin,  found  not  seldom  in  stagnated  bile,  are 
changed  by  ether,  as  also  by  drying  and  moistening  again  with 
water,  into  perfect  crystals  of  hasmatoidin.  Whether  the  bile-pig- 
ment has  any  special  function  to  perform  in  the  intestine,  or  whe- 
ther it  is  wholly  an  excretory  product,  no  opinion  can  be  formed. 

Melanin,  contained  in  dodecahedral  cells,  forms  a  thick  layer  on 
the  inner  surface  of  the  choroid ;  it  covers,  also,  in  branched  cells, 
the  vessels  and  nerves  of  the  frog  and  other  amphibia.  Probably 
the  black  pigment  masses,  also,  in  the  black  bronchial  glands,  in 
the  tissue  of  the  lungs,  in  the  rete  Malpighi  of  the  cutis  of  the 
negro,  and  in  melanotic  tumors,  consist  of  melanin;  and  perhaps 
also  the  black  molecules  in  granular  cells  undergoing  absorption, 
and  in  old  extravasations  of  blood.  That  melanin  is  a  product  of 
the  transformation  of  hgematin,  is  proved  both  by  its  containing 
iron  and  its  mode  of  origin.  The  physical  importance  of  this  pig- 
ment in  the  choroid  is  obvious;  whether  melanin  fulfils  important 
purposes  in  other  places,  we  know  not. 

The  urine-pigment,  of  which  at  least  two  species  exist  in  normal, 
and  whose  different  physical  relations  are  so  often  visible  in  patho- 
logical, urine,  has  been  as  yet  so  little  investigated,  chemically,  that 
physiology  and  pathology  have  gained  nothing  by  the  observations. 

[Iron  has  recently  been  detected  in  the  coloring  matter  of  the 
urine.— J.  C.  M.] 

1  On  the  gradual  addition  of  nitric  acid  (particularly  if  it  contain  some  nitrous 
acid)  to  bile,  or  any  fluid  containing  unaltered  bile-pigment,  the  latter  becomes  first 
green,  then  blue  for  an  instant,  passing  rapidly  into  violet,  red,  and  finally  yellow. — 
J.  C.  M. 
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HISTOGENETIC  SUBSTANCES. 

The  nitrogenised  substances  universally  distributed  in  the  animal 
organism,  which  belong  here,  have  been,  chemically  speaking,  sub- 
jected to  numerous  and  careful  investigations ;  but  we  have  not  yet 
succeeded  in  forming  an  accurate  opinion  as  to  their  theoretical 
composition,  and  the  relations  of  the  members  of  this  class,  in  some 
respects  so  similar,  to  each  other.  In  this  most  important  part  of 
Zoochemistry,  theoretical  chemistry  affords  us  but  few  points  of 
support.  The  cause  of  this  much-to-be-regretted  phenomenon  is  to 
be  sought  in  the  fact  that  we  have  not  succeeded  in  fixing  the 
atomic  weight  of  any  one  of  the  substances  belonging  to  this  class ; 
in  fact,  probably  no  one  of  them  has  been  obtained  absolutely  or 
chemically  pure.  The  numerous  elementary  analyses  of  them  have, 
with  their  doubtless  too  high  atomic  weights,  led  to  no  results 
which  can  be  relied  upon.  Hence  we  cannot  make  use  of  these 
analyses  to  unfold  the  relations  of  these  substances  to  the  matters 
which  result  from  them  in  the  metamorphosis  of  animal  tissues. 
Thus  we  are  deficient  in  the  very  foundations  for  a  theory  of  animal 
tissue-metamorphosis;  for  without  a  knowledge  of  the  essential 
constitution  of  these  important  substrata  of  the  animal  organism, 
we  can,  at  best,  prepare  only  a  tissue  of  hypotheses,  or  must  con- 
tent ourselves  with  arraying  together  physiological  facts. 

Precisely  because  the  chemical  characters  of  these  substances 
cannot  be  drawn  in  a  few  strokes  of  the  pen,  we  must  enter  more 
closely,  in  zoochemistry,  into  their  physical  and  chemical  relations 
than  we  have  done  with  regard  to  other  chemical  substances  more 
exactly  investigated. 

Dried  in  the  air,  they  are  all  solid  and  pulverulent,  or  form  gela- 
tinous, brittle,  translucent  lamellae ;  in  the  moist  state,  they  are 
sometimes  transparent  and  yellowish,  sometimes  not  transparent 
and  white,  sometimes  firm  and  elastic,  or  soft,  tender,  and  viscid, 
sometimes  gelatinous.  Only  one  of  them  all  has  hitherto  been  ob- 
tained crystallized.  They  are  all  tasteless  and  inodorous,  generally 
insoluble  in  water ;  the  few  that  are  soluble  lose  this  property,  some 
by  heating,  some  by  concentrated  alcohol,  and  some  by  acetic  acid. 
Although  very  hygroscopic,  they  form  no  definite  hydrates  with 
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water.  They  are  wholly  insoluble  in  alcohol,  ether,  and  other  in- 
different menstrua.  No  one  of  them  can  be  volatilized  without 
decomposition.  On  being  heated  they  are  decomposed,  yielding 
water,  and  developing  together  with  ammonia  a  great  number  of 
different  nitrogenised  neutral  and  basic  products,  besides  non-nitro- 
genised.  By  boiling  with  water  they  are  all  metamorphosed,  and 
in  this  respect  have  been  divided  into  albuminoid  and  gelatin-yielding. 
They  are  disintegrated  by  concentrated  sulphuric  and  hydrochloric 
acids,  forming,  especially  after  long  digestion,  together  with  am- 
moniacal  salts,  brown,  humus-like  substances  which  contain  princi- 
pally leucin  and  tyrosin,  and  a  crystallizable,  volatile  substance  of 
offensive  odor,  which  has  not  been  more  closely  investigated.  By 
concentrated  nitric  acid,  especially  when  warmed  with  it,  they  are 
colored  yellow.  The  mode  of  decomposition  of  these  substances 
by  oxidizing  agents,  as  chromic  acid,  or  binoxide  of  manganese  and 
sulphuric  acid,  is  worthy  of  remark ;  the  non-nitrogenised  products 
which  arise  all  belong  to  the  volatile  fat  acids,  from  formic  to  ca- 
proic  acids,  or  their  aldehyds ;  they  afford  also  benzoic  acid  and  oil 
of  bitter  almonds ;  with  ammonia  they  form  likewise  the  nitrils  of 
those  acids,  especially  prussic  acid  and  valeronitril  (t.  e.  cyanide  of 
hydrogen  and  cyanide  of  valyl).  By  caustic  fixed  alkalies,  either 
by  means  of  long  digestion  of  their  solutions  or  on  being  melted 
with  them,  they  are  changed  into  a  number  of  nitrogenised  basic 
and  neutral  substances,  leucin,  glycin,  methylamin,  &c,  ammonia, 
formic,  and  carbonic  acids  being  at  the  same  time  developed. 

Especially  worthy  of  notice  is  the  liability  of  these  substances 
to  undergo,  without  visible  or  recognizable  co-operation  of  other 
materials,  mainly  through  the  influence  of  ordinary  atmospheric 
influences,  so-called  spontaneous  processes  of  decomposition — in  a 
word,  putrefaction ;  while  all  other  substances,  when  chemically  pure, 
undergo  no  decomposition  by  means  .of  the  atmosphere  alone.  The 
duration  of  their  resistance  to  atmospheric  influences  depends  very 
much  on  their  state  of  cohesion ;  hence  tendon  putrefies  less  easily 
than  areolar  tissue,  and  coagulated  albumen  more  slowly  than  un- 
coagulated.  The  results  of  putrefaction  are,  carbonate  of  ammonia, 
sulphuret  of  ammonium,  butyrate  and  valerianate  of  ammonia,  leucin, 
tyrosin,  &c. 

There  is  still  another  property  of  these  bodies  which  must  not 
be  overlooked,  viz :  that  they  are  always  accompanied  by  other 
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substances,  such  as  fat,  alkaline  and  calcareous  salts,  from  which 
they  cannot  be  separated  without  decomposition.  It  is,  unfortu- 
nately, hard  to  determine  how  far  these  accompanying  substances 
are  chemically  combined  with  these  bodies,  and  how  far  they  are 
simply  mingled.  Hence  it  has  been  so  far  impossible,  as  the  ma- 
jority of  them  want  the  property  of  crystallization,  to  obtain  them 
themselves  or  any  of  their  combinations  chemically  pure.  Clearly 
defined  chemical  compounds  with  these  substances  have  not  been 
attainable  ;  partly  because  they  unite  in  very  numerous  proportions 
with  other  substances,  as  oxide  of  lead,  &c,  and  partly  because  even 
in  these  combinations,  the  above-mentioned  appendages  follow  them, 
and  cannot  even  then  be  entirely  separated. 

These  bodies  may  be  divided  into  two  great  groups,  which  also 
express  in  several  respects  the  physiological  functions  of  the  indi- 
vidual members  of  them ;  the  first  group  embraces  the  albuminoid 
substances,  or  so-called  protein  bodies  ;  all  the  chemical  qualities 
of  these  substances,  their  forms  of  metamorphosis  and  modes  of 
decomposition,  indicate  clearly  that  a  peculiar  type  must  be  common 
to  them,  but  what  this  type  is,  what  the  chemical  fundamental  idea 
of  their  constitution,  the  numerous  researches  hitherto  made  have 
not  been  able  to  ascertain.  That  their  physical  characters  are  very 
similar,  results  from  the  fact  that  these  protein  bodies  are  either 
dissolved  in  the  fluids  of  the  animal  body  which  subserve  nutrition, 
and  hence  are  subject  to  the  most  active  tissue-metamorphosis,  or 
are  stored  up  in  the  organs  of  greatest  vital  activity,  e.  g.  the 
muscles  and  nerves ;  while  the  members  of  the  second  group  are 
found  generally  in  those  tissues  which  are  subservient  to  the  organ- 
ism merely  by  their  mechanical  properties. 

As  the  latter  in  all  probability  result  from  the  protein  bodies, 
we  call  them,  as  they  have  no  common  chemical  character,  simply 

PROXIMATE   PRODUCTS    OR   DERIVATIVES    OF   THE   PROTEIN   BODIES. 

We  see  here,  again,  in  these  most  important  elements  of  the  animal 
body,  the  proposition  confirmed,  that  the  physiological  function  of 
a  substance  is  always  dependent  upon  its  chemical  nature ;  for  while 
the  derivatives  of  the  protein  bodies,  which  generally  firmly  resist 
artificial,  chemical,  and  atmospheric  influences,  are  useful  almost 
solely  by  their  physical  properties,  we  see  in  the  protein  bodies 
substances  which  are  the  actual  factors  of  animal  tissue-metamor- 
phosis, and  by  means  of  which  the  most  important  functions  of  the 
animal  organism  are  accomplished.     They  are  eminently  fitted  for 
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this  by  their  chemical  nature ;  their  chemical  equilibrium  is  very 
unstable  ;  they  undergo  on  account  of  their,  at  all  events  very  com- 
plex, constitution,  transformations,  which  we  are  not  yet  in  a  condi- 
tion to  follow  chemically,  nor  even  to  conjecture;  according  to 
recent  observations,  however,  oxygen  and  carbonic  acid  act  very 
quickly  on  them,  modifying  them  importantly,  while  it  has  been 
believed  hitherto  that  these  gases  were  able  to  affect  them  only  after 
some  time  in  consequence  of  putrefactive  processes. 


PEOTEIN    BODIES. 

These  bodies  exist  in  the  animal  organism  under  so  many  forms, 
and  with  such  various  chemical  qualities,  that  we  are  entirely  in 
doubt,  owing  to  the  impossibility  of  obtaining  them  individually 
pure,  whether  we  have  to  do  with  isomeric  or  polymeric  modifica- 
tions, or  with  different  combinations  of.  the  same  elementary  sub- 
stance, or  only  with  bodies  of  analogous  constitution.  We  must 
hence,  from  the  want  of  a  scientific  chemical  basis,  hold  to  the 
common  classification  and  statement  of  these  substances,  and  adduce 
the  following  as  individual  members  of  this  group : — 

Albumen. 

Fibrin. 

Syntonin  (musculin). 

Casein. 

Globulin. 

Htemato-crystallin. 

[The  generic  designation  of  this  class  of  bodies  has  been  retained, 
although  the  hypothesis  upon  which  it  is  based  is  no  longer  main- 
tained by  physiologists.  The  fact  remains  unchanged,  that  all  of 
them  are  capable  of  yielding,  upon  certain  chemical  treatment,  a 
substance  differing  slightly  in  some  of  its  reactions  according  to  the 
source  whence  it  was  derived,  but  similar  in  its  general  behavior, 
to  which  the  name  of  protein  was  given.  This  substance  was  sup- 
posed to  give  rise,  by  its  combination  with  sulphur,  phosphorus, 
oxygen,  and  various  salts,  to  the  bodies  comprised  in  this  class ;  but 
it  has  been  found  impossible  wholly  to  separate  all  of  these  sub- 
stances from  it  without  destroying  its  identity  ;  sulphur  and  phos- 
phorus especially,  have  been  found  necessary  to  its  integrity.  Hence 
the  hypothesis  has  fallen  to  the  ground  ;  but  the  designation  is  still 
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convenient,  to  indicate  those  bodies  which  resemble  albumen  in 
their  reactions. — J.  C.  M.] 

One  of  the  most  striking  peculiarities  of  these  substances  consists 
in  the  fact  that  they  all  exist  under  two  modifications  differing 
importantly  from  each  other.  They  exist  in  the  animal  organism  in 
only  one  of  these,  commonly  called  the  soluble  modification,  even 
when  they  are  not  dissolved  and  cannot  be  artificially  dissolved  in 
water.  They  undergo,  however,  especially  by  boiling,  so  important 
an  alteration  in  their  state  of  cohesion  and  the  degree  of  solubility, 
that  they  present  themselves  as  very  different  from  the  original 
substances.  This  passage  from  the  more  soluble  into  the  more  in- 
soluble modification  has  been  called  Coagulation  (Gerinnung),  with- 
out our  being  hitherto  enabled  to  ascertain  exactly  the  chemical 
alteration  which  takes  place.  It  might  be  thought  that  coagulation 
depended  simply  on  a  rearrangement  of  the  molecules  resembling 
the  passage  of  oxide  of  tin,  titanic  acid,  &c.,  by  heat  into  the  insoluble 
state ;  but  direct  observations  have  shown  that,  in  the  coagulation 
of  the  protein  bodies,  something  is  separated  from  them,  although 
this  amounts  only  to  2  per  cent,  of  the  original  substance ;  it  is 
almost  proved  that  in  the  coagulation  of  albumen,  alkali  is  separated 
from  the  soluble  modification ;  in  that  of  hcemato-crystallin,  an  acid 
together  with  salts.  According  to  this,  the  soluble  substances  are 
to  be  regarded  as  compounds,  which  by  heating  lose  an  important 
element,  the  principal  part  thus  becoming  insoluble ;  it  loses  also 
at  the  same  time  the  power  of  uniting  itself  directly  with  the  sepa- 
rated substance,  as  is  so  often  the  case  in  paired  substances,  or  the 
salts  of  the  oxide  of  ethyl. 

The  soluble  protein  bodies  form  in  the  dried  state,  slightly  yellow- 
ish, translucent,  pulverizable  masses,  without  smell  or  taste,  soluble 
in  water,  insoluble  in  alcohol  and  ether;  they  are  precipitated  from 
their  watery  solutions  by  alcohol,  becoming  thereby  insoluble :  they 
are  precipitated  by  mineral  acids  and  tannic  acid,  but  not  by  the 
other  vegetable  acids,  or  by  alkalies  ;  the  salts  of  the  metals  affect 
them  very  differently,  sometimes  precipitating  them,  sometimes  not. 
It  is  especially  characteristic,  that  they  are  precipitated  neither  by 
acetic  acid  nor  the  neutral  salts  of  the  alkalies,  but  are,  however, 
when  both  together  are  added  to  their  watery  solutions ;  the  pre- 
cipitate thus  arising  has  properties  different  from  the  original  sub- 
stance, but  is  soluble  in  pure  water,  and  hence  not  to  be  confounded 
with  the  coagulated  form. 
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In  the  insoluble  or  coagulated  state,  the  protein  bodies,  when 
recently  precipitated,  are  white,  flocculent,  and  lumpy,  or  viscid  and 
gelatinous ;  when  dry,  white  and  pulverizable ;  more  or  less  easily 
soluble  in  concentrated  acetic  acid,  from  their  solution  in  which 
they  are  precipitated  by  ferrocyanide  of  potassium.  With  mineral 
salts,  they  enter  into  combinations  which  generally  are  insoluble  in 
acidulated  water,  but  dissolve  in  pure  water.  By  concentrated 
nitric  acid,  especially  when  heated,  they  are  colored  intensely  yellow ; 
by  concentrated  hydrochloric  acid,  with  gentle  heat  and  prolonged 
contact  with  the  air,  gradually  blue.  They  are  colored  intensely 
brownish-yellow  by  a  solution  of  iodine,  and  red  by  that  of  proto- 
nitrite  and  proto-nitrate  of  mercury. 

All  the  protein  bodies  contain  sulphur  ;  but  in  what  shape  is  not 
yet  known.  That  they  stand  to  each  other  in  relations  somewhat 
similar  to  those  of  salicin,  populin,  and  phorrhizin,  is  rendered  pro- 
bable by  the  fact,  that  on  the  application  of  oxidizing  agents,  fibrin 
yields  more  butyric  and  valerianic,  casein  more  acetic,  acids  than 
albumen.  Hence  might  be  inferred,  as  the  other  products  of  de- 
composition of  these  bodies  are  very  similar,  the  homology  of  these 
bodies;  but,  as  homologous  substances  are  generally  isomorphic, 
all  the  protein  bodies  cannot  be  regarded  as  homologous,  inasmuch 
as  such  similar  bodies  as  the  species  of  hsemato-crystallin  crystallize 
in  entirely  different  systems,  according  to  the  animals  from  whose 
blood  they  are  derived. 

[Another  hypothesis  has  been  suggested  with  a  great  deal  of 
plausibility  :  according  to  it,  we  should  consider  fibrin,  casein,  &c, 
as  aUotropic  forms  of  albumen  ;  i.  e.,  as  standing  in  the  same  manner 
to  it  as  graphite,  stonecoal,  and  the  diamond,  do  to  lampblack,  or 
pure  carbon ;  then,  as  we  have  carbon  a,  carbon  p,  carbon  y,  &c, 
we  would  also  have  albumen  o  =  ordinary  albumen,  albumen  6  = 
casein,  albumen  y  =  fibrin,  &c. — J.  C.  M.] 

Albumen  has  few  characteristic  marks ;  that  protein  body  is 
commonly  recognized  as  such,  the  solution  of  which  coagulates 
wholly  at  146°  F.;  but  it  must  be  remembered  that  the  coagula- 
bility is  in  every  respect  an  entirely  relative  property :  for  both  the 
temperature  at  which  it  coagulates,  and  the  mode  of  coagulation, 
are  principally  dependent  on  substances  mingled,  or  combined,  with 
the  albumen  ;  by  careful  addition  of  salts  of  the  alkalies,  or  of  alco- 
hol, it  may  be  made  to  coagulate  at  almost  any  degree  under  146°  F. 
Excess  of  alkali,  and  excess  of  free  acids  which  do  not  precipitate 
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albumen,  prevent  its  separation  by  heat,  but  it  is  precipitated  in  the 
insoluble  form  on  the  subsequent  neutralization  of  the  fluid  even 
when  cooled.  On  the  evaporation  of  very  acid  or  alkaline  solutions 
of  albumen,  a  thick,  colorless  film  of  coagulated  substance  collects 
on  the  surface.  From  slightly  alkaline  solutions,  it  coagulates  in  a 
gelatinous  form,  or  so  that  the  liquid  remains  milky ;  the  latter  has 
then  a  more  alkaline  reaction  than  previously  to  being  heated. 
From  perfectly  neutral,  or  slightly  acid  solutions,  albumen  coagu- 
lates in  lumps  and  flocculi,  while  the  liquid  becomes  perfectly  clear, 
and  filters  readily.  By  coagulation,  moreover,  it  loses  part  of  its 
content  of  sulphur. 

Albumen  forms  a  constant  constituent  of  all  those  animal  fluids 
which  carry  material  for  nutrition  or  repair  to  the  organism,  or 
individual  parts  of  it :  thus,  it  is  found  especially  in  the  chyle,  blood, 
and  lymph,  in  the  egg,  Graafian  vesicles,  d-c. ;  it  occurs,  besides,  wher- 
ever normal  or  abnormal  transudations  have  taken  place  from  the 
bloodvessels :  thus,  in  the  fluids  of  serous  sacs,  and  in  the  paren- 
chymatous fluids  of  all  vitally  active  organs.     It  forms  the  princi- 
pal constituent  of  the  serum   of   the  blood :   in  the  fluid  serum, 
amounting  to  7.8  to  9.8  per  cent.,  or  about  85  per  cent,  of  its  solid 
elements.     The  secretions  and  excretions  of  the  animal  body  contain 
albumen  only  under  abnormal  circumstances ;  especially  in  an  in- 
flammatory state  of  the  secerning  surfaces.     That  the  albumen  of 
the  animal  fluids  is  derived  from  the  nitrogenised  [elements  of]  food, 
i.  e.,  from  its  protein  substances,  is  not  to  be  doubted  ;  at  least,  the 
most  careful  quantitative  analyses  have  shown  that  the  quantities  of 
protein  bodies  taken  in  the  ordinary  food  of  animals,  are  fully  suffi- 
cient for  the  wants  of  the  organism.     In  what  manner,  however, 
such  protein  bodies  as  casein,  legumin,  fibrin,  &c,  after  they  have 
been  changed  in  the  stomach  into  so-called  peptones,  and  reabsorbed 
into  the  mass  of  the  fluids,  are  changed  into  normal  blood-albumen, 
is  yet  wholly  unknown.     The  physiological  importance  of  albumen 
as  the  material  for  the  formation  and  nutrition  of  all  the  nitrogen- 
ised tissues  of  the  animal  organism,  may  be  plainly  seen  from  the 
circumstances  under  which  it  is  found.     The  investigation,  also,  of 
the  substances  of  the  tissues,  shows  that  it  needs  only  slight  modifi- 
cations in  order  to  be  changed  into  the  contractile  substance  of  or- 
ganic or  animal  muscles,  or  the  contents  of  the  nerve  tubules.     "We 
know  not,  in  the  meanwhile,  in  what  manner  cells  and  tissues  are 
formed  from  albumen.     We   think,  indeed,  that  we   have  found 
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among  the  so-called  derivatives  of  the  protein  bodies,  some  of  the 
transition  stages  from  albumen  to  the  elements  of  tissue;  but  we  are 
still  far  from  being  able  to  follow,  step  by  step,  the  chemical  history 
according  to  chemical  equations.  For,  even  those  modifications  of 
albumen  which  have  been  found  in  the  animal  organism,  e.  gn  the 
coagulable  material  of  the  pancreatic  fluid,  the  paralbumen  and 
metalbumen  of  many  dropsical  fluids,  the  transformations  of  the 
protein  bodies  by  digestion  in  the  stomach,  are  so  little  investigated 
chemically,  that  they  can  in  no  respect  serve  as  a  basis  for  a  scientific 
solution  of  this  question. 

Fibrin,  animal  fibrin,  is  distinguished  from  all  the  other  protein 
bodies  especially  by  its  property  of  separating  as  soon  as  the  fluid 
in  which  it  is  dissolved  is  withdrawn  from  the  organism,  in  the 
solid  form,  in  the  shape  of  [granules]  fine  fibres,  or  wrinkled  plates. 
The  properties  of  dissolved  fibrin  are  almost  wholly  unknown  ;  we 
know,  only,  that  it  is  precipitated  by  ether  and  caustic  potash  from 
its  natural  solution,  but  not  by  acetic  acid.  Spontaneously  coagu- 
lated fibrin  shows  several  properties  different  from  that  which  has 
been  boiled.  The  former  is  a  substance  easily  decomposed  in  the 
air,  as  it  passes  into  putrefaction,  with  absorption  of  oxygen,  more 
quickly  than  any  other  protein  substance  ;  the  peroxide  of  hydro- 
gen is  immediately  decomposed  by  it ;  it  is  also  distinguished  by 
its  swelling  up  gelatinously  in  water  containing  0.1  per  cent,  of 
hydrochloric  acid,  without  dissolving  like  other  protein  substances, 
and  that  by  digestion  with  a  dilute  solution  of  nitrate  of  potassa 
(1  part  of  the  salt  in  17  of  water),  it  dissolves,  forming  a  fluid 
coagulable  by  heat.  [According  to  some  recent  observations,  fibrin 
seems  to  be  composed  of  two  closely  allied  substances,  coagulating 
in  two  different  forms,  fibres  and  granules:  the  former  swell  up,  and 
become  transparent  on  being  treated  with  crj^stallizable  acetic  acid, 
without  being  dissolved ;  the  latter,  however,  are  dissolved  in  the 
acid,  and  may  be  again  obtained  on  neutralizing  the  solution  with 
potassa. — J.  C.  M.]  We  will  speak  more  fully  of  the  modifications 
of  spontaneously  coagulated  fibrin  under  "The  Blood."  There  are 
no  properties  to  be  noticed  in  boiled  fibrin,  materially  different  from 
other  protein  bodies.  Fibrin  is  found  in  natural  solution,  in  the 
chyle  (averaging  0.1  per  cent.),  in  the  blood  (0.3  per  cent.),  and  the 
lymph  (0.05  per  cent.).  The  quantity  of  fibrin  is  not  the  same  in 
the  blood  of  different  vessels ;  that  of  the  arteries  contains,  on  the 
average,  more  than  that  of  the  veins ;  there  is  very  little  in  the 


110 


ZOOCHEMISTRY, 


Tic.  11. 


Coagulated  fibrin  with  blood 
discs  entangled  among  the  fibrils 


blood  of  the  splenic  vein,  none  in  that  of  the  hepatic  veins.     The 
blood  of  newborn  infants  contains  less  fibrin  than  that  of  adults;  in 

the  latter  months  of  pregnancy,  it  increases 
materially.  In  all  inflammatory  diseases, 
fibrin  is  considerably  augmented  in  the 
blood.  Only  in  case  of  genuine  exuda- 
tion is  fibrin  found  in  the  fluids  of  serous 
sacs,  or  upon  mucous  membranes,  or  in  the 
parenchymata  of  organs,  and  then  much 
more  rarely  in  solution  than  spontane- 
ously coagulated.  It  must  be  concluded, 
from  the  whole  occurrence  of  fibrin,  that 
it  is  a  product  of  the  transformation  of 
albumen.  In  the  meanwhile,  we  are  not 
yet  in  a  condition  to  point  out  the  mode 
and  manner  of  this  transformation.  If  we 
could  rely  upon  the  elementary  analyses  of 
these  substances,  the  small  excess  of  oxy- 
gen which  is  found  in  fibrin  might  characterize  it  as  a  product  of 
oxidation.  When  oxygen  is  abundantly  introduced  into  the  blood, 
protein  does  not  remain  long  in  this  stage  of  transformation ;  hence 
we  find  less  of  it  in  children  and  healthy  persons  than  in  pregnant 
women,  and  those  suffering  under  inflammations,  in  whom  the  ac- 
cess of  oxygen  to  the  blood  is  interfered  with,  so  that  the  protein  is 
delayed  longer  in  this  stage  of  transformation.  The  physiological 
importance  of  fibrin  as  a  transitionary  state  towards  the  more 
highly  oxidized  tissue-materials,  is  readily  seen  from  what  has  been 
said.  But  whether  all  animal  cells  and  fibres  must  previously  have 
passed  through  the  transition  state  of  fibrin,  is  at  present  an  unan- 
swerable question. 

Syntonin,1  or  fibrin  of  muscles,  bears  great  resemblance  to 
spontaneously  coagulated  blood-fibrin,  but  differs  from  it  by  dis- 
solving in  water  acidulated  with  0.1  per  cent,  of  hydrochloric  acid, 
from  which  solution  it  is  precipitated  as  a  jelly  on  the  neutralization 
of  the  fluid.  This  jelly  yields,  with  lime-water,  or  very  dilute  alka- 
lies, a  solution  coagulable . by  heat;  in  a  solution  of  carbonate  of 
potassa  it  swells  up,  but  does  not  entirely  dissolve ;  it  is  also  insolu- 
ble in  a  solution  of  nitre.  Syntonin  is  the  most  important  con- 
stituent of  the  substance  of  the  fibrillse  of  the  transversely  striated 
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muscles,  as,  also,  of  the  smooth  muscles  or  [contractile]  fibre-cells 
(Faserzellen).  How  far  this  substance,  so  similar  to  albumen  and 
fibrin,  is  subservient,  more  than  the  rest  of  the  protein  bodies,  to 
the  vital  contractility  of  the  tissue,  cannot  yet  be  conjectured. 

Casein  differs  from  the  other  protein  bodies  principally  by  its 
mode  of  coagulating,  viz  :  it  does  not  coagulate  by  heat,  but  does 
with  acetic  acid,  and  with  the  mucous  membrane  of  the  fourth 
stomach  of  ruminants,  or  the  gastric  juice  of  carnivora.  Magnesia 
and  lime  salts  precipitate  it  only  on  heating.  Between  coagulated 
casein  and  other  coagulated  protein  bodies,  there  exist  no  actual, 
but,  at  most,  only  relative,  differences.  Casein  is  found  in  the  milk 
of  all  the  mammalia  (from  3  to  17  per  cent.).  In  the  blood,  a  sub- 
stance1 has  been  found,  in  small  quantities,  which  is  very  similar 
to  casein,  and  hence  has  been  called  serum-casein.  This  has  been 
found  in  the  blood  of  pregnant  women,  and  in  that  of  the  placenta, 
in  larger  quantities. 

Casein  is  found,  also,  in  the  interstitial  fluids  of  organic  muscles,  of 
the  thymus  gland,  areolar  tissue,  elastic  tissue,  and  in  the  fluid  of  the 
allantois.  It  is,  finally,  found  in  the  yolk  of  the  egg ;  it  is  here 
mixed  with  albumen,  and  this  mixture  was  formerly  considered  a 
peculiar  protein  body,  called  vitellin.  As  to  the  genetic  connection 
of  casein  with  the  other  protein  bodies,  no  opinion  can  be  given, 
owing  to  our  deficient  knowledge  of  the  theoretical  constitution  of 
all  these  substances.  It  must  hence  remain  undecided  whether  the 
casein  of  the  milk  is  formed  in  the  mammary  glands,  or  exists  pre- 
viously in  the  blood.  It  is  further  unexplained  how  casein  appears 
so  constantly  in  the  milk  as  a  means  of  nutrition,  while,  elsewhere 
albumen  presents  itself  as  the  principal  nutritive  element.  It  is  also 
unknown  in  what  relation  the  casein  in  the  fluids  of  organic  muscles 
stands  to  their  function. 

Globulin  is  very  similar  to  albumen  ;  it  coagulates,  however,  at 
163°  F.,  to  a  milky  liquid  or  globular  mass;  when  its  solution, 
after  being  acidulated  with  acetic  acid,  is  neutralized  with  ammonia 
or,  inversely,  the  ammoniacal  solution  is  rendered  neutral  with 
acetic  acid,  it  is  precipitated ;  it  is,  finally,  characteristic,  that  it  is 

1  The  substance  here  referred  to  was  formerly  considered  as  casein,  from  its  coagu- 
lation by  acetic  acid :  but  later  investigations  have  inclined  some  physiologists  to  the 
belief  that  it  is  a  slight  modification  of  albumen,  to  which  the  term  albuminose  has 
been  applied.  It  is  capable  of  endosmose  (which  albumen  is  not  ordinarily),  and  is 
coagulated  but  imperfectly  by  heat.  A  not  improbable  view  is,  that  it  is  merely 
albumen  combined  with  an  excess  of  alkali. — J.  C.  M. 
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Fig.  12. 


precipitated  from  its  aqueous  solution  by  carbonic  acid  gas,  the 
precipitate  redissolving,  however,  in  pure  water,  on  the  introduction 
of  atmospheric  air,  or  of  oxygen.  Globulin  has  been  found  with 
certainty  only  in  the  crystalline  lens  of  the  eye,  in  the  proportion 
of  36  per  cent.  That  this  concentrated  solution  of  it  performs  the 
office  of  a  refracting  liquid,  is  as  evident  as  that  the  arrangement  of 
the  layers  of  the  lens,  the  inner  containing  a  denser,  the  outer  a 
more  dilute  solution,  serves  the  purpose  of  achromatization. 

BLemato-crystallin  is  the  only  crystallizable  protein  substance ; 
but  its  very  crystalline  form  shows  us  that,  notwithstanding  the 
most  marked  concurrence  of  most  of  their  physical  and  chemical 
characters,  we  have  to  deal  with  three  or  four  different  substances. 

For  the  substance  prepared  from 
the  blood  of  the  guinea  pig,  rat, 
or  mouse,  crystallizes  in  tetrahe- 
dra,  that  from  the  blood  of  man 
and  most  carnivora,  in  prisms; 
that  from  the  blood  of  the  squir- 
rel, in  hexagonal  plates ;  and  that 
from  the  blood  of  the  marmot,  in 
rhombohedra.  Besides  their  ca- 
pability of  crystallization,  these 
substances,  standing  so  close  to 
each  other,  are  distinguished 
from  all  other  protein  bodies,  by 
not  being  precipitated  by  nitrate 
of  silver,  bichloride  of  mercury,  chloride  of  zinc,  or  basic  acetate 
of  lead,  but  only  by  proto-nitrate  of  mercury,  and  bichromate  of 
potassa.  Coagulation  takes  place  with  them  between  145°  and 
149°  F.,  and  the  supernatant  fluid  then  reddens  litmus.  All  these 
bodies  retain  obstinately  the  blood-pigment,  so  that  they  have  not 
been  yet  presented  free  from  it.  Hitherto,  beside  their  crystalline 
forms,  differences  in  solubility  only  have  been  found  between  the 
several  members  of  this  group.  These  substances  occur  only  in 
the  colored  blood-corpuscles  of  vertebrate  animals ;  they  have  been 
obtained,  crystallized,  from  the  blood  of  all  animals  hitherto  exam- 
ined with  regard  to  them.  In  our  perfect  ignorance  of  their  chemical 
constitution,  no  opinion  can  be  formed  of  their  genesis :  the  ques- 
tion of  their  physiological  function  will  be  considered  under  "  The 
Blood." 


Crystals  of  ILemato  -  crystallin. — 
1.  Prismatic  from  human  blood.  2.  Tetra- 
hedral  from  that  of  the  guinea  pig.  3.  Hexa- 
gonal  from  that  of  the  squirrel. 
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Under  this  head  we  enumerate  several  substances  whose  chemical 
constitution  has  been  by  no  means  sufficiently  investigated,  and 
which  constitute  the  essential  principles  of  several  tissues  of  the 
animal  organism,  namely: — 

Glutin-yielding  substance. 

Chondrin-yielding  substance. 

Substance  of  the  elastic  tissue. 

Fibroin,  and 

Chitin. 

These  substances,  beside  their  insolubility  in  neutral  menstrua, 
have  only  in  common  the  want  of  the  essential  properties  of  their 
parent  substances,  the  protein  bodies.  Those  resulting  from  gela- 
tin-yielding tissues,  glutin  and  chondrin,  have  been  very  often  in- 
vestigated, but  a  fixed  view  of  their  composition  has  not  yet  been 
obtained,  notwithstanding  the  close  analogy  of  their  properties. 

Glutin,  also  called  bone  glue,  colla,  as  is  well  known,  is  character- 
ized by  its  solubility  in  hot  water,  from  which  it  gelatinizes  on 
cooling ;  it  is  precipitated  from  its  aqueous  solution  by  chlorine, 
corrosive  sublimate,  bichloride  of  platinum,  tannic  acid,  and  alco- 
hol ;  by  dry  distillation  it  yields,  together  with  carbonate  of  ammonia, 
butylamin,  and  picolin ;  with  chromic  acid,  it  gives  the  same  pro- 
ducts of  decomposition  as  the  protein  bodies,  except  that  it  affords 
far  more  valerianic  acid  than  they.  Treated  with  alkalies,  it  affords 
much  leucin  and  glycin.  Glutin  is  obtained  by  boiling  only  from 
the  following  tissues :  from  the  cartilages  of  the  bones  (after  ossi- 
fication), from  tendons,  cutis  vera,  areolar  tissue,  hartshorn,  blad- 
der of  the  sturgeon,  fish-scales,  the  permanent  cartilages  (when 
these  are  ossified),  and  the  fibrous  interarticular  cartilages.  It  has 
been  found  preformed  only  in  the  fluid  of  the  spleen,  and  in  the  blood, 
in  the  disease  which  has  been  called  leuchfcmia.  As  cartilage  and 
areolar  tissue  have,  according  to  their  elementary  analyses,  the  same 
composition  as  the  glutin  resulting  from  them,  the  transformation 
appears  to  depend  merely  on  a  rearrangement  of  atoms.  It  is  not 
known  according  to  what  chemical  equation,  or  under  what  con- 
ditions the  glutin-yielding  substance  results  from  the  protein  bodies 
of  the  organism.  That  its  uses  are  principally  mechanical,  will  be 
more  clearly  shown  in  "  Histo-chemistry." 
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Chondrin,  the  gelatin  of  cartilage,  differs  from  glutin  principally 
in  being  precipitated  by  hydrochloric  and  acetic  acids,  acetate  of 
lead,  alum,  and  persulphate  of  iron,  as  well  as  by  chlorine,  corro- 
sive sublimate,  bichloride  of  platinum,  tannic  acid  and  alcohol. 
Treated  with  concentrated  sulphuric  acid  it  yields  leucin,  but  no 
glycin :  with  hydrate  of  potassa,  both.  Chondrin  is  formed  by 
boiling  with  water,  from  all  permanent  cartilages,  except  the  fibrous 
interarticular  and  ossified  cartilages.  As  it  contains  some  sul- 
phur, it  has  been  thought  to  stand  nearer  to  the  protein  bodies  than 
glutin;  as,  moreover,  bone-cartilage,  before  it  is  ossified,  affords 
chondrin  by  boiling,  and  this  is  changed  during  ossification  into 
glutin,  there  is  some  ground  for  the  assumption  that  chondrin  is  an 
intermediate  degree  between  protein  substance  and  glutin.  The 
uses  of  chondrin  in  the  animal  body  coincide  with  those  of  the 
tissues  yielding  it. 

The  substance  of  the  elastic  tissue  [or  elasticin]  is  insoluble  in  all 
known  menstrua,  but  becomes  changed,  after  thirty  hours'  digestion, 
at  325°  F.  (in  Papin's  digester),  into  a  brownish  substance,  which 
does  not  gelatinize  on  cooling.  It  is  decomposed  by  concentrated 
acids.  Concentrated  sulphuric  acid  educes  from  it  only  leucin  (no 
glycin) ;  by  concentrated  potash  ley  it  is  only  decomposed  after 
digestion  for  days.  This  substance  exists  in  all  connective  tissue  in 
the  form  of  so-called  nuclear  fibres,  in  single  threads,  accumulated 
in  great  quantities  in  the  proper  elastic  ligaments,  e.  g.,  in  the  liga- 
mentum  nucha  of  mammalia,  in  the  yellow  ligaments  of  the  spinal 
column,  the  inferior  vocal  ligaments,  the  fenestrated  membrane  of  the 
arteries,  &c.  The  investing  membranes  of  cells  often  consist  of  a 
substance  not  unlike  elastic  tissue.  We  know  nothing  of  the 
chemical  transformations  which  accompany  the  development  of  this 
substance.  Its  occurrence  in  the  tissues  named  indicates  sufficiently 
that  its  function  is  mechanical. 

Fibroin,  a  substance  soluble  only  in  concentrated  sulphuric  and 
hydrochloric  acids,  and  precipitated  therefrom  by  tannic  acid,  while 
it  is  decomposed  by  alkalies,  is  found  only  in  silk  and  gossamer- 
threads. 

Chitin  is  a  substance  insoluble  in  water,  acetic  acid,  or  alkalies, 
which  is  decomposed  by  concentrated  acids ;  does  not  melt  by  dry 
distillation,  and  affords  acid  distillator}^  products.  It  seems  thus  as 
if  a  carbohydrogen  entered  into  its  composition.  This  substance 
forms  the  skeletons  of  all  insects.    It  is  found  both  in  their  external 
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coverings,  in  the  wing-cases,  the  tracheae,  scales,  and  hairs.  If  the 
hypothesis  is  confirmed  that  chitin  is  a  nitrogenised  body  paired 
with  a  carbohydrogen,  we  should  advance  a  step  towards  the  ex- 
planation of  the  formation  of  this  substance  from  the  food  of  the 
insects. 


MINERAL  SUBSTANCES  OF  THE  ANIMAL  BODY. 

Our  knowledge  of  the  inorganic  substances  and  compounds  which 
exist  in  the  animal  body  is  by  no  means  so  perfect  as  might  be 
expected  from  the  condition  of  mineralo-analy tical  chemistry.  This 
depends  upon  the  fact  that  the  nature  of  these  substances  was  mostly 
determined  only  from  the  ashes ;  but,  in  incineration,  entire  trans- 
mutation of  the  elements  in  part,  or  volatilization  of  some  of  the 
substances,  takes  place,  so  that  the  pre-existing  substances  cannot 
be  inferred  from  the  constitution  of  the  ashes;  and  partly  also 
because  the  analytical  methods  applied  to  the  investigation  of 
these  ashes  were  by  no  means  in  such  a  state  as  to  give  reliable 
results.  The  relations,  moreover,  of  the  individual  mineral  sub- 
stances to  the  organic  substrata  of  the  animal  body,  especially  to 
the  protein  bodies  and  their  derivatives,  have  been  far  too  little 
investigated  for  physiological  chemistry  to  be  able  to  give  important 
conclusions  on  their  functions  in  the  metamorphosis  of  animal  tis- 
sues ;  yet  the  mineral  substances  occurring  in  the  animal  body  may 
be  reviewed  at  present  in  the  following  manner: — 

A  portion  of  them  subserve  principally  mechanical  purposes  in 
the  organism.  They  are  stored  away  in  the  solid  tissues,  which 
owe  to  them,  at  least  in  part,  their  solidity  and  their  capability  of 
resistance. 

Another  portion  of  the  mineral  substances  participates  actively 
in  the  metamorphosis  of  tissue.  They  thus  operate  rather  chemi- 
cally, and  affect  many  functions  necessary  to  life. 

A  third  portion  embraces  those  mineral  substances  which  have 
either  accidentally  entered  the  organism,  or,  resulting  from  the  meta- 
morphoses which  occur  in  the  living  body,  are  only  to  be  regarded 
as  excretory  products. 
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Mechanically-useful  Mineral  Substances. 

We  enumerate  as  the  mechanically-useful  mineral  substances  of 
the  animal  body — 

Phosphate  of  lime. 
Carbonate  of  lime. 
Phosphate  of  magnesia. 
Fluoride  of  calcium. 
Silicic  acid. 

Phosphate  of  lime  stands  first  among  these  substances,  as  upon 
it  depends,  in  great  measure,  the  solidity  of  the  skeleton.  Bone-car- 
tilages, as  also  the  so-called  permanent  cartilages,  ossify,  that  is, 
become  solid  and  more  rigid,  only  as  they  take  up  this  lime-salt, 
in  connection  with  their  histological  changes. 

In  all  diseases  of  the  bones,  of  however  different  nature  they  may 
be,  phosphate  of  lime  is  withdrawn  from  them  as  an  organic  mate- 
rial, and  they  thus  become  more  brittle,  or  more  flexible.  There 
is,  moreover,  no  animal  tissue  which  does  not  contain  more  or  less 
phosphate  of  lime.  It  has  not  yet  been  ascertained  how  far  the 
proportion  of  this  salt  influences  their  physical  properties.  We  find 
it  dissolved  in  almost  all  animal  fluids.  It  is  here  generally  com- 
bined with  the  protein  substances  and  dissolved  in  them,  for  there 
is  no  protein  substance  which  does  not  afford  phosphate  of  lime  on 
incineration.  It  is,  doubtless,  chemically  combined  with  them,  and 
effects  possibly  some  of  the  changes  which  those  substances  undergo 
in  the  metamorphosis  of  animal  tissue.  The  protein  bodies  are  the 
vehicles  by  which  the  phosphate  of  lime  is  deposited  in  the  cells  and 
tissues.  Besides,  many  facts  indicate  that  phosphate  of  lime  is 
indispensably  necessary  for  cell-formation ;  at  least  that  it  plays  a 
part  in  the  latter  process,  may  be  concluded  from  the  fact  that  even 
in  lower  animals,  where  carbonate  of  lime  is  the  principal  mineral 
substance,  phosphate  of  lime  is  accumulated  wherever  new  cells  are 
forming.  [The  fact,  also,  that  animals,  from  whose  food  the  phos- 
phates are  carefully  abstracted,  soon  perish,  points  to  their  import- 
ance in  nutrition.  The  necessity  of  this  substance  to  the  vital  pro- 
cesses of  the  vegetable  kingdom  is  shown  likewise  in  the  deteriora- 
tion of  soils  after  the  removal  of  successive  crops  which  abstract 
from  them  considerable  quantities  of  phosphates. — J.  C.  M.l  In 
animal  concretions,  phosphate  of  lime  is  often  found  largely.     The 
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quantity  of  phosphate  of  lime  in  the  urine  is  dependent  on  the 
quantity  of  it  taken  in  with  the  articles  of  diet  (animal  food,  or  the 
legumin,  albumen,  or  gluten  of  vegetable  food),  and  the  need  of  it 
by  the  organism.  On  account  of  this  demand,  e.  g.,  phosphate  of 
lime  often  disappears  from  the  urine  during  the  latter  months  of 
pregnancy,  in  spite  of  good  diet.  But  a  small  proportion  of  it  is 
found  in  the  urine  of  herbivorous  animals,  as  the  lime-salt  supplied 
barely  meets  the  demand.  That  phosphate  of  lime  is  supplied  to 
the  organism  not  only  ready  formed  with  the  food,  but  is  developed 
within  the  body  from  other  lime-salts  and  phosphates,  is  taught 
especially  by  the  observation  of  eggs  during  incubation.  Phos- 
phate of  lime  is  found  in  far  greater1  quantity  in  the  developed 
embryo  than  in  the  unincubated  egg. 

Carbonate  of  lime  is  found  in  smaller  quantity,  together  with 
the  phosphate,  in  the  bones  of  vertebrate  animals ;  it  is  deposited,  on 
the  other  hand,  in  great  quantities  in  the  solid  portions  of  inverte- 
brata,  where  it  apparently  subserves  the  same  purposes  as  phos- 
phate of  lime  in  the  bones  of  the  vertebrata.  In  many  animal 
fluids,  bicarbonate  of  lime  is  found  in  solution ;  it  exists  thus,  in  no 
small  proportion,  in  the  parotid  secretion  of  horses  and  of  dogs,  in 
the  urine,  and  probably,  also,  in  the  Hood  of  herbivorous  animals. 
In  concretions — e.  g.  in  so-called  salivary,  venous,  and  urinary  calculi 
— more  or  less  carbonate  of  lime  is  found.  In  a  crystalline  form,  it 
is  constantly  found  on  the  outer  and  upper  wall  of  the  oval  sac  in 
the  vestibule  of  the  organ  of  hearing  (in  prisms,  not  in  rhombo- 
hedra);  similar  accumulations  of  crystals  are  found  in  the  Batra- 
chians  on  the  dura  mater,  and  in  white,  shining  sacs  in  the  interver- 
tebral foramina.  There  can  be  no  doubt  as  to  the  origin  of  carbonate 
of  lime  from  vegetable  food  and  from  the  water  drunk ;  but  a  part 
of  it  may  be  formed  in  the  blood  by  the  decomposition  of  the  or- 
ganic salts  of  lime. 

Phosphate  of  magnesia  always  accompanies  phosphate  of  lime. 
As  it  occurs  in  the  solid  excrements  in  greater  quantities  than 
phosphate  of  lime,  it  has  been  inferred  that  the  lacteals  possessed  a 
greater  power  of  absorption  for  phosphate  of  lime  than  for  phos- 

'  The  German  text  probably  contains  here  a  typographical  error,  ■which  I  have 
corrected.  It  reads  a  "  far  less  quantity."  By  reference  to  Dr.  Prout's  observations 
on  incubation  (Philos.  Tr ansae.,  1822,  p.  365),  we  find  that  the  quantity  of  phos- 
phorus remains  unchanged,  but  that  of  the  lime  increases  by  absorption  from  the 
Bhell  through  the  membrana  putaminis.  This  combines  with  the  phosphoric  acid 
developed  from  the  glycerophosphoric  acid  originally  present  in  the  ovum. — J.  C.  M 
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phate  of  magnesia;  but  independently  of  the  fact  that  considerable 
quantities  of  it  are  absorbed  in  the  intestines,  as  we  may  conclude 
from  its  large  proportion  in  the  urine,  we  may  well  account  for  this 
fact  from  the  great  proneness  of  phosphate  of  magnesia  to  form 
with  ammonia  the  insoluble  crystalline  salt  which  we  never  foil  to 
find  in  the  excrements,  and  often  see  accumulated  in  extraordinarily 
large  concretions  in  the  contents  of  the  intestines  of  herbivora.  The 
abundance  of  this  salt  in  the  cerealia  sufficiently  explains  its  origin. 

Fluoride  of  calcium  is  constantly  found  in  the  bones  in  small 
quantities,  more  in  fossil  bones  than  in  those  of  animals  now  living. 
Its  proportion  is  greater  in  the  enamel  of  the  teeth,  the  hardness  of 
which  has  been  attributed  partly  to  its  containing  this  substance. 

In  the  organisms  of  higher  animals,  the  occurrence  of  silicic  acid 
is  confined  to  the  hairs  and  feathers.  Yery  small  quantities  of  it 
have  also  been  found  in  the  blood,  bile,  and  urine  of  birds.  In  the 
solid  excrements  it  is  always  met  with,  partly  as  actual  sand,  partly 
depending  on  the  tissues  of  vegetable  food.  It  is  well  known  that 
the  skeletons  of  many  infusoria  consist  mainly  of  silica. 

Chemically-operating  Mineral  Substances. 

We  enumerate  as  the  mineral  substances  which  take  part  espe- 
cially in  the  metamorphosis  of  tissue  and  operate  more  chemically — 
Hydrochloric  acid. 
Chloride  of  sodium. 
Carbonate  of  soda. 
Phosphates  of  the  alkalies. 
Iron. 
[Water.] 

Hydrochloric  acid  exists  free  only  in  the  gastric  juice,  although 
[there]  rather  perhaps  as  a  paired  acid.  Without  free  acid,  the  gas- 
tric fluid  possesses  no  digestive  power,  and  lactic  acid  only  can 
supply  the  place  of  muriatic  acid  in  it.  What  chemical  processes 
in  the  gastric  follicles  set  this  acid  free,  is  as  yet  entirely  inexpli- 
cable. 

Chloride  of  sodium  is  contained  in  all  parts  of  the  organism, 
solid  and  fluid.  It  is  an  important  fact  that  this  substance,  on  one 
hand,  forms  constantly  the  greatest  part  of  the  soluble  constituents 
of  the  ashes  of  animal  fluids,  and,  on  the  other,  that  it  is  contained 
in  most  of  the  animal  fluids,  and  especially  in  the  blood,  in  nearly 
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constant  quantities,  independent  of  the  quantity  of  salt  in  the  food. 
The  distribution  of  chloride  of  sodium  in  the  animal  organism  is 
by  no  means  accidental ;  while  it  is  accumulated  in  the  serum  of 
the  blood,  in  the  chyle,  lymph,  white  of  the  egg,  as  also  in  alkaline 
fluids,  in  large  quantities,  it  diminishes  in  the  blood-corpuscles,  in 
the  fluids  of  muscular  flesh  and  of  the  thymus  gland,  and  in  the 
yolk  of  the  egg,  so  that  often  only  traces  of  it  can  be  detected.  In 
the  blood-serum,  moreover,  its  proportion  stands  in  an  inverse  ratio 
to  that  of  albumen,  to  a  certain  degree;  the  less  albumen  is  con- 
tained in  the  blood,  the  more  chloride  of  sodium  do  we  find  in  it. 
In  transudations  it  is,  for  mechanical  reasons,  contained  in  quanti- 
ties larger,  relatively  to  albumen,  than  in  the  serum.  It  is  found  in 
especially  large  quantities  in  the  saliva,  gastric  fluid,  mucus,  pus, 
and  inflammatory  exudations.  As  we  shall  have  occasion  to  enter 
on  the  physiological  value  of  chloride  of  sodium  in  the  considera- 
tion of  the  metamorphosis  of  animal  tissue,  we  say  nothing  here  of 
its  application  to  physiological  purposes. 

Carbonate  of  soda  is  mostly  developed  by  the  incineration  of 
organic  matters;  but  it  also  is  found  pre-existing  in  the  blood,  lymph, 
transudations,  saliva,  and  urine  of  herbivorous  animals.  The  various 
purposes  which  this  salt  has  to  fulfil  in  the  blood  and  other  fluids, 
will  be  brought  under  observation  partly  under  the  latter  and  partly 
under  "Metamorphosis  of  Tissue"  in  general. 

Phosphates  of  the  alkalies  exist  in  most  of  the  animal  fluids, 
but  iu  very  different  quantities:  it  is  worthy  of  remark  that  they 
are  opposed  exactly  to  the  chloride  of  sodium  as  the  potash  salts 
to  the  compounds  of  sodium ;  hence  they  occur  in  greatest  quan- 
tities where  the  soda  salts,  and  especially  chloride  of  sodium,  are 
deficient — thus,  in  the  blood- corpuscles,  the  yolk  of  the  egg,  the  fluids 
of  muscles,  and  of  the  thymus  gland;  on  the  contrary,  they  are 
found  in  but  very  small  quantities  in  the  alkaline  fluids  of  the 
animal  body — as  in  the  blood-serum,  in  the  white  of  the  egg,  &c. 
As,  according  to  this,  they  are  abundant  in  the  acid  fluids,  there  will 
be  found  there  most  acid  phosphate  of  potash — as  e.g.  in  the  juice 
of  flesh.  Their  proportions  in  the  urine  are  as  much  dependent  on 
the  relations  of  the  articles  of  diet,  and  the  demand  for  these  salts 
for  the  metamorphosis  of  tissue,  as  those  of  the  earthy  phosphates 
and  chloride  of  sodium. 

As  the  earthy  phosphates  are  mostly  introduced  into  the  organism 
in  vegetable  food,  these  alkaline  salts  are  probably  formed  within 
the  organism  by  double  elective  affinity.    Their  physiological  func- 
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tion  will  be  more  fully  discussed  under  "Exudations"  and  "Meta- 
morphosis of  Animal  Tissue." 

Iron,  which  we  find  in  the  animal  body — partly  as  chloride,  as 
in  the  gastric  fluid ;  partly  as  phosphate  of  the  oxide,  as  in  the  fluid 
of  the  spleen;  partly  in  an  organic  combination,  as  hoematin  in  the 
blood-corpuscles — plays  a  part  in  the  animal  economy  at  present  in- 
comprehensible to  us.  That  this  is  a  not  unimportant  one,  is  indi- 
cated by  its  occurrence*  in  the  ashes  of  milk,  as  also  of  the  egg.  Iron 
is  excreted  principally  by  the  liver,  for  we  find  it  especially  in  the 
bile.  Our  ordinary  diets  and  drinks  contain  so  much  iron,  that  the 
source  of  that  found  in  the  body  is  easily  ascertained. 

[Among  the  mineral  substances  of  the  animal  body  which  are 
active  in  consequence  of  their  chemical  properties,  water  holds  an 
important  position.  Chemical  actions  generally  occur  much  more 
readily  when  the  substances  concerned  are  in  solution  than  other- 
wise; hence  the  almost  universal  solvent  powers  of  water  entitle  it 
to  a  short  notice.  Its  source  in  the  organism  is  mainly  the  drink 
which  is  taken  in  connection  with  the  food ;  it  assists  in  digestion, 
not  only  by  dissolving  the  food  as  prepared  by  the  digestive  fluids, 
but  also  by  promoting  its  passage  into  the  capillaries  by  endosmose. 
It  is  also  largely  developed  in  the  various  vital  processes  which  take 
place  in  the  organism,  from  the  carbohydrogens  and  carbohydrates 
of  the  food,  as  well  as  from  the  tissues,  in  the  course  of  retrograde 
metamorphosis.  Its  proportion  in  the  different  tissues  is  various, 
but  always  large ;  hence  it  is  one  of  the  principal  constituents  of 
the  human  frame.  The  quantity  of  water  contained  in  the  tissues 
varies  with  the  age,  being  greatest  in  infancy,  and  least  in  old  age: 
in  fact,  natural  old  age  is  said  by  some  physiologists  to  consist  in  a 
drying  up  of  the  tissues.  It  is  excreted  from  the  economy  princi- 
pally by  the  kidneys,  lungs,  and  skin,  a  balance  being  maintained 
in  the  blood  between  that  received  and  formed  in  the  organism  and 
its  other  constituents  by  means  of  these  organs.  Pathologically,  it 
may  be  in  excess  in  the  blood,  constituting  anoemia  (or,  more  pro- 
perly, hydremia),  and  giving  rise  to  dropsy,  diarrhoea,  &c;  or  it 
may  be  deficient,  as  in  cholera,  &c.  The  demand  of  the  organism 
for  water  is  expressed  by  the  sensation  of  thirst,  which  is  referred 
to  the  fauces :  so  powerful  is  this  instinct,  that  the  will  does  not 
possess  the  same  control  over  it  as  over  the  other  instinctive  desires 
of  our  nature;  thus,  no  instance  is  on  record  of  self-destruction  by 
voluntary  abstinence  from  water. — J.  C.  M.] 
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Accidental  Mineral  Substances  of  the  Animal  Body. 

To  the  accidental  mineral  constituents  of  the  animal  body  we 
refer — 

Sulphates  of  the  alkalies. 

Carbonate  of  magnesia. 

Manganese. 

Arsenic. 

Copper. 

Lead. 

Salts  of  ammonia. 

Sulphocyanide  of  sodium. 

The  sulphates  of  the  alkalies  are  found  pre-existent  in  nearly 
all  animal  liquids,  but,  except  in  the  urine,  in  very  small  quantities. 
The  analyses  of  the  blood,  and  other  liquids  rich  in  protein,  yield, 
indeed,  often  large  quantities  of  sulphates;  but  these  have  arisen 
mostly  from  the  incineration  of  the  protein  bodies  which  contain 
sulphur.  In  the  blood  there  are  very  small  quantities  pre-existent, 
as  they  are  soon  withdrawn  from  it  by  the  kidneys.  Their  pro- 
portions in  the  urine  are  very  variable,  according  to  the  supply  from 
without.  The  total  absence  of  them  in  the  milk  and  in  the  non- 
incubated  egg  indicates  that  they  can  fulfil  no  important  purpose 
in  the  animal  tissue-metamorphosis,  but  are  products  of  tissue-meta- 
morphosis of  a  purely  excrementitious  nature.  It  is  remarkable 
that  in  the  bones  of  reptiles  and  fishes  there  exist,  pre-formed,  no 
small  quantities  of  sulphates. 

Carbonate  of  magnesia  presents  itself  but  rarely  in  the  organ- 
ism, in  the  bones,  and  in  concretions.  In  the  urine  of  herbivorous 
animals  it  is  often  met  with  in  greater  quantities.  As  the  phosphate 
of  magnesia,  not  the  carbonate  or  compounds  with  organic  acids,  is 
contained  in  the  cerealia  and  grasses,  the  carbonate  found  in  the 
urine  of  herbivora  is  probably  formed  in  the  metamorphosis  of 
tissue. 

Manganese  is  found  only  in  very  small  quantities  accompanying 
iron,  as  it  so  often  does  in  the  mineral  kingdom.  Like  iron,  it  is 
principally  excreted  through  the  liver  in  the  bile. 

Arsenic  was  long  esteemed  a  constant  constituent  of  the  animal 
body,  but  it  appears  to  enter  the  organism  only  under  very  favor- 
able circumstances,  and  then  to  be  excreted  in  the  bile. 
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Copper  and  lead  were  also  thought  to  exist  in  small  quantities 
in  the  organism  of  the  higher  animals ;  but  they  have  been  detected 
with  certainty  only  occasionally  in  the  bile  and  biliary  concretions 
of  man  and  of  oxen.  In  the  blue  blood  of  some  of  the  ascidise, 
cephalopoda,  and  mollusca,  copper  has  been  recognized  as  an  inte- 
gral constituent. 

Ammoniacal  salts  are  found  far  more  seldom  in  the  animal 
organism  than  was  previously  supposed;  even  in  the  urine  their 
quantity  is  normally  extremely  small.  Here,  as  in  the  sweat,  am- 
monia is  developed  only  after  its  discharge,  in  the  air.  The  am- 
monia found  in  air  after  expiration  is  probably  also  not  directly 
excreted  from  the  blood.  Only  in  the  gastric  fluid  have  minute 
quantities  of  sal  ammoniac  been  detected  with  certainty;  but,  in 
many  severe  diseases,  ammoniacal  salts,  particularly  carbonate  of 
ammonia,  occur  in  the  gastric  fluid,  the  blood,  and  especially  in  the 
urine. 

Sulphocyanide  of  sodium  has  hitherto  been  found  only  in  the 
saliva,  in  extremely  small  quantities,  although  pretty  constantly. 
Its  origin,  as  well  as  its  probable  uses,  are  yet  unknown. 
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THE  SCIENCE  OF  THE  ANIMAL  FLUIDS. 

We  have  already  spoken  of  the  mode  of  treating  this  portion  of 
physiological  chemistry  in  the  general  introduction.  It  is  only 
necessary  here,  therefore,  to  mention  that  the  requirements  for  a 
successful  investigation  of  the  animal  fluids  and  of  their  physiolo- 
gical importance,  are  small  neither  in  number  or  importance.  In 
consequence  of  the  difficulties  of  fulfilling  all  these  requirements, 
we  find,  in  our  knowledge  of  the  science  of  the  fluids,  chasms  even 
more  important  than  in  the  knowledge  of  zoochemistry.  How  dif- 
ficult it  is,  e.  g.,  to  obtain  from  certain  animal  fluids  the  pure  mate- 
rial requisite  for  investigation.  With  several,  as,  for  instance,  that 
of  the  colon,  this  has  so  far  been  impossible.  There  are  greater 
hindrances  to  analysis  to  be  struggled  with  here  than  in  any  other 
field  of  investigation.  The  protein  bodies,  generally  contained  in 
great  quantities  in  animal  fluids,  are  too  little  known  and  investi- 
gated chemically  to  permit  of  their  being  always  accurately  isolated 
or  separated  by  analysis.  Other  substances,  often  highly  essential 
for  the  physiological  recognition  of  the  importance  of  an  animal 
fluid,  are  frequently  contained  in  quantity  far  too  small  to  be  acces- 
sible for  an  exact  chemical  investigation.  We  have  already  alluded 
to  the  doubtful  investigation  of  the  constituents  of  the  ashes  (p.  115). 
In  addition  to  this,  it  often  happens  that  in  the  fluid  a  quantity  of 
suspended  morphotic  elements  is  contained,  which  cannot  be  sepa- 
rated mechanically ;  so  that  a  pure  object  cannot,  on  this  account, 
be  obtained.  Hence  quantitative  analyses  of  animal  fluids  attain  a 
relative  degree  of  certainty  only  by  the  application  of  different  con- 
trolling  methods.  It  is,  then,  almost  self-evident  that,  since  the  analy- 
sis of  the  animal  fluids  is  so  imperfect,  we  can  with  difficulty  attain 
to  results  in  anywise  reliable  as  to  the  physiological  function,  the 
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origin,  application,  and  destruction  of  an  animal  fluid.  Though  we 
may,  by  ascertaining  the  mass  of  the  constituents  which  can  be 
quantitatively  determined,  and  their  sum  total,  reach  certain  points 
of  observation,  which  support,  at  least  in  a  measure,  the  hypotheses 
to  be  adduced,  and  thus  afford  us  certain  values  for  judging  of  the 
mechanical  metamorphosis  of  tissue  in  the  animal  organism,  yet 
the  grounds  are  still  wanting  for  a  knowledge  of  the  far  more  im- 
portant chemical  metamorphosis  of  tissue,  without  which  the  science 
of  the  chemical  processes  in  living  animal  bodies  must  remain 
merely  a  tissue  of  logical  hypotheses,  possessing  various  degrees  of 
rational  support. 


THE  BLOOD. 

By  the  blood  we  understand  that  fluid  which  flows  through  the 
bodies  of  the  higher  animals  in  more  or  less  elastic  tubes,  and  is  set 
in  motion  by  special  organs.     The  'physical properties  of  the  blood 
are  as  follows :    It  is  a  thick  liquid,  considerably  denser  than  water 
(on  an  average  1.055  sp.  grav.) ;  generally  of  a  bright  cherry-red 
color  (arterial  blood   always  being  much  lighter,   venous  much 
darker) ;  very  slightly  translucent.   As  soon  as  it  has  passed  from  the 
current  of  circulation  in  the  animal  body  it  becomes  more  viscid, 
gelatinous  (by  coagulation),  and  finally  separates  into  a  solid,  thick, 
generally  dark-red  mass  (the  clot),  and  a  tolerably  clear,  slightly  yel- 
lowish fluid  (the  serum).   The  specific  gravity  of  human  blood  varies, 
under  physiological  circumstances,  between  1.015  and  1.075.     It  is 
less  in  women  than  in  men,  in  children  than  in  adults,  and  in  preg- 
nant women  than  those  not  pregnant.    Its  capacity  for  heat  stands  in 
direct  proportion  to  its  density.     The  coagulation  of  the  blood  may 
be  divided  into  three  periods.    In  from  two  to  five  minutes  after  its 
withdrawal,  it  becomes  viscid  and  gelatinous  on  the  surface.     After 
seven  to  fourteen  minutes,  it  has  become  a  consistent  jelly.     After 
this  time,  a  layer  of  thin,  colorless,  or  pale-yellow  fluid  appears  on 
the  surface,  which  increases  in  quantity  in  the  same  degree  that  the 
red,  jelly-like,  contracting  mass  diminishes  in  volume.     After  from 
twelve  to  forty  hours,  the  clot  usually  ceases  to  contract,  and  the 
serum  is  no  longer  pressed  out.   The  fully-contracted  clot  has  gene- 
rally the  form  of  the  vessel,  in  which  the  blood  has  coagulated,  in 
diminished  proportion.     Its  lower  part  is  of  a  darker,  the  upper  of 
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a  brighter  red  color  than  the  original  blood.  The  blood  of  men 
coagulates  more  slowly  than  that  of  women.  The  clot  of  the  former 
is  usually  more  firmly  contracted.  Arterial  blood  coagulates  sooner 
than  venous.  An  abundant  supply  of  oxygen  hastens  coagulation. 
By  shaking,  moving,  twirling  with  sticks  (or  beating,  as  it  is  called), 
freshly-drawn  blood  forms,  instead  of  a  single  consistent  coagulum, 
small  red  flocculi  and  lumps  of  varying  size  and  number.  By 
the  microscopical  observation  of  the  blood,  we  learn  that  it  contains, 
besides  a  fluid  holding  substances  in  solution,  morphotic,  i.  e.,  solid, 
undissolved,  peculiarly-shaped  materials;  and  that  the  liquor  sanguinis 
(intercellular  fluid,  plasma)  is  colorless,  but  the  great  majority  of  the 
suspended  molecules  colored.  The  colored  molecules  (red  blood- 
corpuscles),  which  are  of  far  more  consequence  than  the  colorless 
morphotic  elements  of  the  blood,  form  in  man  thick,  circular 
slightly  biconcave  discs,  which  consist  of  a  colorless  investing 
membrane,  and  red,  or  by  transmitted  light 
yellow,  viscid  contents.  In  some,  one  or  more 
amorphous  granules  are  occasionally  met  with. 
The  blood-corpuscles  of  most  of  the  mammals 
form  likewise  circular  discs,  except  those  of  the 
camel,  dromedary,  and  lama,  which  are  ellipti- 
cal and  biconvex.  Birds  have  long  oval  blood- 
corpuscles,  elevated  in  the  centre,  and  becoming 
thin  at  the  margin.  Those  of  the  amphibia  are 
oval  and  very  convex.  Human  blood-corpuscles 
average  3^  of  a  Paris  line  in  diameter.  Those 
of  the  embryo  are  somewhat  larger  than  those 
of  the  breathing  animal.  Those  of  most  mam- 
malia are  somewhat  smaller  than  those  of  man ; 
amphibia  are  far  larger  (as  much  as  7'2  of  a  line). 

With  the  red  blood-corpuscles  there  are  found,  in  all  blood,  so- 
called  colorless  corpuscles  (lymph-corpuscles),  which  are  more  spheri- 
cal, much  larger  (2£<j  of  a  line),  and  granular  on  the  surface.  They 
contain  either  one  or  several  roundish,  oval,  or  kidney-shaped 
nuclei.  They  are  lighter  than  the  red  corpuscles,  and  hence  remain 
suspended  in  the  serum,  or  are  generally  collected  in  the  upper 
part  of  the  clot.  The  proportion  of  the  colorless  corpuscles  to  the 
red  is  as  1  to  400  in  normal  human  blood.  We  find,  with  the 
microscope,  besides  the  above-named  corpuscles,  no  other  sub- 
stances, except  a  few  fat  globules,  and  now  and  then  an  epithelial  cell. 


Red  blood-corpuscles 
(human). 

while  those  of  the 
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The  liquor  sanguinis  contains,  together  with  other  substances, 
fibrin,  that  material  on  which  the  coagulation  of  the  blood  depends. 
The  clot  consists  of  coagulated  fibrin,  which,  in  its  separation,  has 
entangled  the  blood-corpuscles  and  other  morphotic  elements.  It 
is  still  well  moistened  with  the  serum. 

The  serum,  which  is  gradually  expressed  by  the  contraction  of 
the  clot,  has  the  same  composition,  whether  the  first  or  last  drops 
of  the  expressed  fluid  be  examined.  Its  specific  gravity  varies  but 
little  from  1.028. 

It  is  self-evident  that  the  blood-corpuscles  and  their  viscid  con- 
tents must  have  a  different  composition  from  the  intercellular  fluid 
or  the  serum ;  but,  from  the  ready  diffusion  of  certain  elements  of 
the  blood,  these  might  have  been  expected  to  be  equally  distributed 
in  the  contents  of  the  blood-corpuscles  and  the  serum.  This,  how- 
ever, is  not  the  case.  For  the  purpose  of  an  easier  comparison  of 
these  relations,  we  have  placed,  side  by  side,  the  composition  of 
both,  according  to  the  best  analyses  hitherto  obtained : — 


1000    PAETS    OF    BLOOD-CORPUSCLES  CON- 
TAIN  

Water 688.00 

Solid  constituents       .        .         .  312.00 


Spec.  grav. 


1.0885 


Hsematin    .... 

Hsemato-crystallin 

Cell-membranes 

Fat 

Extractive  matter 

Mineral  substances  (except  iron) 


16.75 
241.07 

41.415 
2.31 
2.  GO 
8.12 


Chlorine     . 

Sulphuric  acid    . 

Phosphoric  acid 

Potassium 

Sodium 

Oxygen 

Phosphate  of  lime 

Phosphate  of  magnesia 


1.686 
0.066 
1.134 
3.328 
1.052 
0.667 
0.114 
0.073 


1000   PARTS    OF   LIQUOR   SANGUINIS   CON- 
TAIN— 

Water 902.90 

Solid  constituents       .        .         .     97.10 


Spec.  grav. 


Fibrin 
Albumen 


Fat    . 

Extractive  matter 
Mineral  substances  (except 


Chlorine     . 

Sulphuric  acid   . 

Phosphoric  acid 

Potassium 

Sodium 

Oxygen 

Phosphate  of  lime 

Phosphate  of  magnesia 


1.028 


4.05 
78.84 


.      1.72 

.      3.94 

iron)       8.55 


3.644 
0.115 
0.191 
0.323 
3.341 
0.403 
0.311 
0.222 


The  physical properties  of  the  blood-corpuscles  are  not  without  influ- 
ence on  certain  changes  which,  the  blood  undergoes  in  different 
physiological  and  pathological  circumstances.  It  must  always  be 
remembered,  in  considering  these  changes,  that  the  blood-corpuscles 
are  vesicles,  never  filled  to  distension  with  the  red,  viscid  fluid? 
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arid  that,  especially  in  the  blood  while  circulating,  endosmotic  cur- 
rents constantly  take  place  between  this  red  fluid  and  the  intercel- 
lular fluid,  which  cause  the  vesicles  sometimes  to  expand,  sometimes 
to  contract ;  and,  consequently,  that  their  specific  gravity  will  vary 
according  as  more  or  less  watery  fluid  has  passed  from  the  plasma 
into  them.  The  last-named  fact,  viz:  the  variation  in  specific 
gravity,  is  an  important  cause  of  the  different  "tendency  to  sink" 
(Senkungsvermogen)  of  the  red  blood-corpuscles.  In  different  spe- 
cimens of  blood,  the  colored  particles  show  a  very  different  inclina- 
tion to  sink,  i  e.,  so  to  settle  below  the  level  of  the  liquid,  that  a 
shallower  or  deeper  layer  of  colorless  fluid,  free  from  blood-cor- 
puscles, is  formed  from  their  surface  upwards.  The  specific  gravity 
of  the  blood-corpuscles  will  increase  when  relatively  more  water  is 
abstracted  from  them  than  from  the  intercellular  fluid,  and  decrease 
when,  by  the  dilution  of  the  latter,  a  large  quantity  of  water  is 
introduced  into  them.  This  abstraction  of 
water  may  be  effected  either  by  evaporation  Fig.  14. 

or  by  the  addition  of  small  quantities  of  neu- 
tral alkaline  salts,  sugar,  or  gum.  The  blood- 
corpuscles  may  also  increase  in  specific  gra- 
vity when  the  salts  and  protein  substances 
(haemato-crystallin)  are  taken  from  them. 
This  happens,  e.  g.,  in  the  circulating  blood 
after  repeated  bleedings.  The  hsematin  re- 
mains in  the  corpuscles  in  relatively  greater 
quantity,  and  hence  must  increase  their  spe- 
cific gravity  (since  hsematin  is  so  rich  in  iron). 

°  J   v  _  '        Blood-discs  shrivelled  by 

The  blood-corpuscles  are  specifically  lighter  the  loss  of  water, 

when  they  contain  relatively  much  fat  (in  the 

form  of  fine  granules) ;  or  when,  on  artificial  dilution  of  the  blood 
with  water,  they  are  distended  with  the  latter. 

Although  the  "  tendency  to  sink"  of  the  blood-corpuscles  depends 
principally  on  their  specific  gravity,  it  is  materially  aided  by  an- 
other physical  phenomenon,  which  we  notice  in  them,  namely,  their 
property  of  clinging  together  by  their  broad  surfaces,  and  thus 
forming  nummular  rolls.  The  blood-corpuscles  are  never  "  rolled" 
in  blood  recently  drawn.  This  mode  of  arrangement  generally 
takes  place  under  the  microscope,  in  consequence  of  the  partial 
evaporation  of  the  water.  The  increased  facility  of  precipitation  of 
the  blood-corpuscles  was  formerly  referred  entirely  to  this  property 
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of  clinging  together ;  but,  as  they  sink  more  readily  on  the  addi- 
tion of  solution  of  sugar  and  gum,  without  clinging  together,  the 
"  tendency  to  sink"  cannot  depend  upon  this  property  alone.  This 
tendency  of  the  red  corpuscles  to  adhere  together  was  formerly 
referred  to  a  greater  viscidity  of  the  intercellular  fluid,  dependent 
upon  a  larger  proportion  of  fibrin  or  albumen  in  the  latter ;  but, 
independently  of  the  fact  that  the  corpuscles  often  possess  a  very 
great  "  tendency  to  sink"  when  the  fibrin  has  been  artificially 
abstracted,  or  when  the  intercellular  fluid  contains  relatively  less 
albumen  (as  in  inflammatory  blood),  this  view  is  physically  incor- 
rect; for,  when  the  fluid  is  viscid,  the  particles  suspended  in  it  are 
less  easily  aggregated.  If  viscidity  is  the  cause  of  the  "  rolling"  of 
the  corpuscles,  it  can  lie  only  in  their  investing  membranes.  Car- 
bonic acid,  which  disposes  the  red  blood-cells  to  the  roll-like 
arrangement,  appears  at  least  to  loosen  the  cell-membranes  of  the 
corpuscles,  and  thereby  make  them  more  viscid.  The  roll-like 
arrangement  may  often,  moreover,  be  a  consequence  of  the  increased 
"  tendency  to  sink."  It  must,  in  other  words,  be  regarded  as  a  phy- 
sical necessity  that  when  the  corpuscles  sink,  i.  e.,  accumulate  in  the 
lower  part  of  the  fluid,  and  thus  approach  each  other,  they  must 
apply  themselves  with  their  broad  sides  to  each  other.  The  follow- 
ing facts  may  serve  to  prove  the  explanation  here  given  of  the 
"  tendency  to  sink"  of  the  blood-corpuscles,  and  find  therein  also 
their  signification.  The  corpuscles  of  the  blood  of  the  horse  are 
especially  distinguished  above  those  of  all  other  animals  by  their 
tendency  to  sink.  This  decreases  in  the  following  animals  in  the 
order  given :  Horse,  cat,  dog,  rabbit,  goat,  sheep,  ox,  bird,  hog.  The 
serum  of  the  blood  of  the  horse  is,  indeed,  very  viscid ;  but  its  cor- 
puscles sink  as  rapidly  in  the  serum  of  other  animals,  and  those  of 
other  animals  no  more  rapidly  in  the  serum  of  the  blood  of  the 
horse.  The  blood-corpuscles  of  the  horse  are  deficient  in  fat  rela- 
tively to  those  of  other  animals.  The  corpuscles  of  inflammatory 
blood  sink  more  rapidly  than  those  of  healthy  blood.  The  former 
is  richer  in  carbonic  acid,  and  a  little  poorer  in  albumen,  than  the 
latter.  In  defibrinated  blood  of  inflammation,  the  corpuscles  sink 
as  quickly  as  in  that  which  has  not  been  robbed  of  this  material. 
The  blood  of  inflammation  is,  however,  very  rich  in  fibrin. 

The  degree  of  color  which  the  blood  as  a  whole  exhibits  depends, 
in  great  measure,  upon  the  shape  of  the  blood-corpuscles,  and  thus  has 
its  cause  in  physical  circumstances.     The  lighter  color  of  the  blood 
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is  referred  to  the  shape  of  the  contracted  blood-corpuscles,  resem- 
bling concave  mirrors;  while  it  is  assumed  that  the  corpuscles 
which  have  been  expanded  by  endosmosis,  like  convex  mirrors,  dis- 
perse the  light  more,  and  thus  cause  the  color  of  the  blood,  as  a 
whole,  to  appear  darker.     It  accords  with  this,  that  all  substances 
which  abstract  water  from  the  blood-corpuscles,  and  thus  render 
more  observable  their  central  depression,  e.  g.,  all  neutral  alkaline 
salts,  solutions  of  sugar,  &c,  which  do  not  decompose  the  blood, 
produce  in  it  a  bright  red  to  a  light  vermilion  color;  while  by 
substances,  such  as  water,  ether,  and  dilute  organic  acids,  which 
swell  up  the  blood-corpuscles,  and  almost  render  them  spherical,  the 
blood  becomes  of  a  dark  bluish  red.     That  this  formation  of  mir- 
ror-like forms,  nevertheless,  can  only  be  of  secondary  importance 
as  to  the  color  of  the  blood,  is  proved  especially  by  the  fact  that  the 
blood  of  the  amphibia,  containing  biconvex  blood-corpuscles,  which 
can  never  become  concave,  is  also  colored  bright  red  by  neutral 
salts  of  the  alkalies  and  concentrated  sugar  solutions.     The  salts  by 
means  of  which  the  blood  of  mammalia  and  birds,  as  also  that  of 
amphibia,  assumes  a  vermilion  color,  are  the  following :  Sulphates 
of  potash  and  soda,  nitrates  of  potash  and  soda,  chloride  of  potas- 
sium, phosphate  of  soda,  carbonate  and  bicarbonate  of  soda,  ferro- 
cyanide  of  potassium,  borax,  iodide  of  potassium,  sulphocyanide  of 
potassium,  sal  ammoniac,  sulphate  of  magnesia,  &c. — The  thickness 
and  folding  of  the  cell-membranes  of  the  blood-corpuscles  must  influ- 
ence the  color  of  the  blood.     If  they  are  collapsed,  the  membrane 
will  be  thicker ;  if  expanded,  it  will  become  very  thin,  and  hence 
allow  the  coloring  matter  to  shine  through  in  its  natural  hue,  which 
is  a  very  dark-red ;  just  as  in  a  thin  milk-glass  a  dark-red  fluid  still 
appears  dark-red,  but,  in  a  thick  one,  light-red.     On  this  account 
all  substances  which  burst  or  dissolve  the  cell-membranes,  render 
the  blood  dark-red,  e.  g.,  acetic  acid,  the  alkalies,  &c.     The  coloring 
matter  of  the  blood  dissolves  with  its  natural  color  in  the  intercel- 
lular fluid.     The  thickening,  folding,  and  wrinkling  of  the  cell-mem- 
branes, are  especially  visible  in  the  blood-cells  of  the  amphibia.   We 
see  with  the  microscope,  in  the  blood  of  these  animals,  when  ren- 
dered bright  red  by  the  above-mentioned  salts,  the  blood-corpuscles 
so  contracted  that  they  resemble  rumpled  elliptical  membranes,  or 
folded  and  spotted  fragments.     According  to  some  observers,  oxy- 
gen appears  to  contract,  carbonic  acid  to  expand,  the  blood-cor- 
puscles; and  these  deduce  the  lighter  color  of  arterial  and  the 
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darker  of  venous  blood  from  these  circumstances. — Colorless,  solid 
substances,  reflecting  light  more  or  less  strongly,  which  are  scat- 
tered among  the  blood-corpuscles,  render  likewise  the  mass  of  the 
blood  of  a  brighter  red.  Hence  the  fatty  blood  of  drunkards,  or 
after  an  abundance  of  fatty  food,  and  the  blood  of  leuchgemia,  so  rich 
in  lymph-corpuscles,  appears  of  a  brighter  red ;  as  also  when  milk, 
oily  emulsions,  or  powdered  gypsum,  are  added  to  the  blood.  The 
very  dark-red  solution  of  haemato-crystallin  becomes  bright  red  as 
soon  as  crystals  separate  from  it.  In  the  microscopical  investiga- 
tion of  the  blood,  a  form  of  the  corpuscles  is  often  met  with  which 
has  arisen  in  consequence  of  increased  evaporation,  or  upon  the 
artificial  introduction  of  neutral  salts  of  the  alkalies ;  the  corpuscles 
appear  more  isolated,  flattened,  jagged,  indented,  stellate,  or  quite  dis- 
torted (p.  127).  In  recent  blood,  even  when  taken  from  sick  persons, 
no  such  forms  are  to  be  found.  Good  microscopes  exhibit  clearly 
the  varied  involutions  of  the  cell- membrane  as  the  cause  of  these 
forms. 

It  would  be  erroneous  to  attribute  the  different  coloring  of 
the  blood  solely  to  different  mechanical  circumstances.  It  is  easily 
demonstrated  that  chemical  circumstances  also  effect  changes  in 
the  hue  of  the  blood-pigment  itself,  especially  oxygen  and  car- 
bonic acid.  We  have  not  yet  been  able  to  detect  special  combina- 
tions of  the  blood-pigment  with  oxygen  or  carbonic  acid  ;  but  it  is 
clear,  from  the  following  facts,  that  such  combinations  must  exist. 
Arterial  blood,  or  that  which  has  been  impregnated  with  oxygen, 
appears  in  thin  layers,  of  a  beautiful  scarlet,  from  bright  yellowish 
red  to  yellowish  dun.  Venous,  or  that  which  has  been  impregnated 
with  carbonic  acid,  hydrogen,  or  nitrogen,  in  thin  layers,  appears 
purple;  in  extremely  thin,  green.  The  latter  is,  therefore,  dichroic;  the 
former  not.  As  artificially  prepared,  hogmatin  is  dichroic  or  mono- 
chroic,  according  as  acids  or  alkalies  are  added  to  it.  The  differ- 
ence in  hue  effected  by  oxygen  or  carbonic  acid,  is  probably  not  to 
be  referred  solely  to  mechanical  relations.  Blood,  after  such  copious 
dilution  that  no  red  corpuscles  are  recognizable  by' the  microscope, 
becomes  always  somewhat  lighter  colored  in  oxygen  gas,  and  darker 
in  carbonic  acid  gas.  That  these  gases  also  combine  chemically 
with  other  protein  bodies  is  proved  by  the  fact  that  a  solution  of 
the  globulin  of  the  crystalline  lens  is  entirely  precipitated  by  car- 
bonic acid,  and  the  precipitate  is  redissolved  on  the  addition  of 
oxygen.     On  the  other  hand,  the  metameric  hoemato-crystallin,  ob- 
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tained  by  treatment  with  acetic  acid  and  salts  of  the  alkalies,  exhi- 
bits the  reverse  reaction.  It  is  precipitated  from  its  solution  by 
oxygen,  and  redissolved  by  carbonic  acid.  We  shall,  moreover, 
see  further  on,  that  a  chemical  absorption  of  oxygen,  which  depends 
solely  on  the  contents  of  the  blood-corpuscles,  presents  itself  as  a 
physical  necessity.  That  a  chemical  influence  is  exercised  on  the 
part  of  diluted  acids  on  the  cell-membranes  of  the  blood-corpuscles, 
scarcely  requires  mention ;  but  those  salts  also,  which  at  first  pro- 
duce a  contraction  of  the  blood-cells,  and  thus  cause  the  blood  to 
assume  a  lighter  hue,  gradually  decompose  the  cell-membranes ;  so 
that  the  blood-corpuscles  are  not  only  altered  in  their  shape,  but, 
after  a  longer  or  shorter  time,  are  entirely  destroyed ;  as  a  natural 
consequence  of  which  the  previously  light-red  color  of  the  blood 
passes  into  a  deep  dark  red.  The  sulphates  and  nitrates  of  the  alka- 
lies maintain  the  vermilion  color  of  the  blood  for  some  time ;  but, 
with  carbonates  of  the  alkalies  and  sal  ammoniac,  it  very  soon 
passes  into  a  dark  red.  Another  peculiar  physical  property  of  the 
blood-corpuscles  is  that,  in  filtering  the  blood  through  paper,  the 
greater  part  of  them  pass  through  the  filter ;  a  property,  neverthe- 
less, which  they  lose  when  concentrated  solutions  of  salts,  especially 
sulphate  of  soda,  or  nitrate  of  potassa,  are  added  to  the  blood.  The 
blood-corpuscles,  however,  even  after  the  addition  of  these  salts,  soon 
collect  together  in  masses  upon  the  filter,  become  dark  red,  and  then 
pass  through  the  filter.  If  oxygen  is  introduced  into  the  liquid  on 
the  filter,  it  is  somewhat  longer  before  the  blood-corpuscles  pass 
through.  The  chemical  constituents  of  the  blood-corpuscles,  and 
the  proportions  in  which  they  are  combined,  have  been  already  (p. 
126)  detailed. 

The  cell-membranes,  which  previously  were  erroneously  held  to 
be  fibrin,  or  deutoxide  of  protein,  when  isolated,  form  in  the  moist 
state  a  whitish-gray  adhesive  mass,  which  swells  up  to  a  jelly  in 
acetic  acid  and  diluted  alkalies;  does  not  dissolve  in  solution  of  nitre, 
even  after  prolonged  digestion,  at  98°.6;  contains  no  sulphur,  and 
reacts  with  nitric  and  hydrochloric  acids  as  a  protein  body.  If  acetic 
acid  or  diluted  alkalies  be  added  to  recent  blood,  it  becomes  almost 
dark  red  and  gelatinous,  or  else  may  be  drawn  out  in  mucus-like 
threads ;  the  corpuscles  are  no  longer  to  be  seen  under  the  micro- 
scope ;  the  cell-membranes  here  are  not  dissolved,  but  give  rise  to 
the  sizy  condition  of  the  blood  by  their  distension.  By  the  addi- 
tion of  solution  of  chloride  of  sodium  or  of  iodine,  the  membranes 
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may  again  be  made  visible,  but  the  blood-corpuscles  themselves  are 
destroyed.  The  substance  of  the  cell-membranes  is  best  prepared 
by  first  washing  the  hasmato-crystallin  obtained  from  the  fluid  of  the 
clot  (which  contains  many  cell-membranes  entangled  among  the 
crystals)  with  water  containing  alcohol,  until  nitrate  of  silver  no 
longer  gives  any  reaction,  and  then  treating  with  distilled  water. 
The  hasmato-crystallin  is  thus  dissolved,  and  the  membrane  sub- 
stance remains  behind.  It  must  then  be  freed  from  fat  by  alcohol 
and  ether.  That  this  substance  of  the  cell-membranes  has  not  a 
fixed  composition,  results  from  the  two  following  facts.  In  the  first 
place,  in  every  kind  of  blood,  the  addition  of  water,  or  ether,  or 
acetic  acid,  affects  the  blood-corpuscles  very  unequally,  so  that  some 
disappear  by  the  addition  of  a  little  water,  but  others  remain  un- 
altered even  after  the  introduction  of  a  great  quantity.  The  blood- 
corpuscles  of  the  blood  of  the  hepatic  veins  are  distinguished  from 
those  of  all  other  vessels  by  the  circumstance  that  they  cannot  be 
made  to  vanish  wholly  by  the  addition  of  water,  but  form  a  con- 
siderable sediment  in  the  diluted  blood.  On  account  of  the  imper- 
fection of  the  methods  of  quantitative  determination,  the  normal 
relation  between  the  moist  blood-cells  and  the  intercellular  fluid  is  not 
established  exactly ;  yet  in  the  blood  of  adults,  on  an  average,  51.2 
per  cent,  (varying  from  47.2  to  54.2)  of  moist  corpuscles  are  found. 
The  blood  of  women,  especially  in  pregnancy,  contains  a  smaller 
proportion,  and  this  proportion  continually  diminishes  after  repeated 
losses  of  blood  and  other  fluids.  Among  the  animals  the  blood  of 
swine  is  richest  in  corpuscles,  while  that  of  the  amphibia  contains 
relatively  few.  Very  lately  the  enumeration  of  the  blood-corpuscles 
has  been  attempted,  and  in  a  cubic  millimetre1  of  healthy  human 
blood  from  4,600.000  to  5,055,000  corpuscles  have  been  found. 
The  so-called  dry  corpuscles  were  previously  determined  (see  under 
Analysis  of  the  Blood),  and  were  found  on  the  average  to  form  13 
per  cent,  of  healthy  blood. 

Hoematin  and  globulin  were  formerly  held  as  the  principal  con- 
stituents of  the  viscid  contents  of  the  blood-corpuscles.  This  globu- 
lin was  held  to  be  identical  with  the  albuminous  substance  of  the 
crystalline  lens  of  the  eye,  but  this  is  not  the  case ;  to  adduce  but 
one  difference,  the  globulin  of  the  crystalline  lens  is  entirely  preci- 
pitated from  its  watery  solution  by  a  stream  of  carbonic  acid ;  the 

1  A  millimetre  is  about  equal  to  0.47  of  a  line. 
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solution  of  the  contents  of  the  blood-cells  is  not.  The  globulin  is 
not  crystallizable ;  while,  on  the  contrary,  the  protein  body  contained 
in  the  blood-cells  is  distinguished  from  all  similar  substances  by  its 
crystallizability.  This  substance  is  properly  formed  from  the  pro- 
tein substance  of  the  blood-corpuscles,  after  it  has  been  subjected  to 
the  influence  of  oxygen,  carbonic  acid,  and  light.  It  is  worthy  of 
remark,  that  this  substance  shows  in  the  blood  of  different  animals, 
together  with  great  similarity  in  other  respects,  different  crystalline 
forms  and  solubilities.  We  know,  thus  far,  of  prismatic,  rhombo- 
hedral,  and  hexagonal  haemato-crystallin.  In  the  moist  blood-cor- 
puscles there  is  contained  18  to  26  per  cent,  dry  haemato-crystallin ; 
in  the  whole  blood  from  9  to  12  per  cent. 

The  insoluble  ferruginous  substance,  which  is  described  in  or- 
ganic chemistry  as  hwmatin,  is  not  found  as  such  in  the  blood,  but 
is  a  product  of  the  transformation  of  the  actual  blood-pigment.  It 
is  contained  in  the  soluble  form  in  the  blood,  and  cannot  be  sepa- 
rated perfectly  by  any  means  from  haemato-crystallin,  and  presented 
pure  in  the  soluble  condition.  If  it  may  be  assumed  that  the  soluble 
blood-pigment,  which  adheres  so  closely  to  haemato-crystallin,  con- 
tains 6.93  per  cent,  of  iron,  as  the  artificially  prepared  haematin 
does,  it  may  be  calculated  that  the  blood-corpuscles  of  an  adult  man 
contain  16  to  17  per  cent,  of  it.  According  to  some  observations, 
it  appears  as  if  in  all  conditions  which  are  accompanied  with  an 
excess  of  water  in  the  blood,  hasmatin  exists  in  relatively  greater 
quantity  in  the  blood-corpuscles. 

A  not  unimportant  part  of  the  fats  of  the  blood  is  contained  in 
the  blood-corpuscles.  Their  quantity  amounts  to  2  or  3  per  cent, 
of  the  moist  corpuscles.  They  consist  of  margarin,  olein,  margarate 
and  oleate  of  potassa,  cholesterin  and  glycerophosphate  of  potassa. 
According  to  some  determinations,  more  fat  is  found  in  the  cells  of 
venous  blood  than  in  those  of  arterial.  Besides  the  organic  sub- 
stances named,  the  most  accurate  quantitative  analyses  show  that 
other  substances,  of  which  the  composition  is  not  known,  exist  in 
the  blood-corpuscles,  viz :  the  so-called  extractive  matters. 

In  reference  to  the  mineral  constituents  of  the  blood-corpuscles, 
the  above  table  of  the  composition  of  the  blood  (p.  126),  taken 
from  the  best  analyses,  shows  that,  in  the  blood-corpuscles,  the 
phosphates  and  the  combinations  of  potash  are  in  great  excess  over 
the  chlorine  and  sodium  combinations.     The  blood-corpuscles  of 
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arterial  blood  are  always  richer  in  salts  than  those  of  venous  blood. 
Those  of  the  hepatic  vein  are  especially  rich  in  them.  The  iron 
of  the  ash  of  the  blood-corpuscles  belongs  only  to  the  haernatin. 

In  the  blood-corpuscles,  finally,  the  gases  of  the  blood  are  espe- 
cially contained.  This  is  seen  from  the  fact  that  whipped  blood, 
which  still  contains  nearly  all  of  its  corpuscles,  possesses  very  con- 
siderable powers  of  absorption  of  gases,  while  the  serum  scarcely 
absorbs  more  of  them  than  water.  The  gases  in  question  are  oxy- 
gen, carbonic  acid,  and  nitrogen.  Whipped  blood  will  absorb  1J 
times  its  volume  of  carbonic  acid,  but  only  15  per  cent,  by  volume 
of  oxygen.  Nitrogen  appears  not  to  be  more  largely  absorbed  by 
the  blood  than  by  water.  The  combination  of  these  gases  with 
the  blood  is  somewhat  loose,  as  in  vacuo  the  greater  amount  can 
be  again  extracted  from  the  blood.  Moreover,  one  kind  of  gas  is 
in  great  measure  expelled  by  another.  Nearly  equal  quantities  of 
nitrogen  are  found  in  venous  and  arterial  blood.  In  arterial  there 
is  only  relatively  more  oxygen  than  in  venous ;  for,  in  both  kinds 
of  blood,  there  are  contained  considerable  quantities  of  gases  which 
may  be  extracted  by  the  air-pump.  According  to  some  observa- 
tions it  has  been  found  that  in  arterial  blood  the  proportion  of 
oxygen  to  carbonic  acid  was  as  6  :  16 ;  in  venous  as  -4  :  16.  In  the 
blood  of  calves,  oxen,  and  horses,  were  found  10  to  12.5  per  cent,  of 
oxygen,  and  1.7  to  3.3  per  cent,  of  nitrogen,  by  volume.  On  the 
other  hand,  in  arterial  blood,  66  per  cent. ;  in  venous,  78  per  cent., 
by  volume,  of  carbonic  acid,  were  found.  That  these  gases  are  con- 
tained in  the  blood,  and  especially  in  the  blood-corpuscles  in  a  che- 
mical combination,  although  a  loose  one,  there  is  no  longer  any 
doubt.  If  the  oxygen  were,  e.  g.,  only  mechanically  absorbed,  the 
blood,  i.  e.,  its  water,  could  only  take  up  0.925  per  cent,  by  volume, 
while  we  find,  as  related,  from  10  to  13  per  cent,  in  the  blood.  The 
quantity  of  gases  taken  up  must  here  also,  as  in  water  and  other 
liquids,  be  proportional  to  the  pressure  under  which  they  stand ; 
but  this,  also,  is  not  the  case.  We  have  finally  learned  to  recognize, 
in  the  principal  substance  of  the  blood-corpuscles,  hoemato-crys- 
tallin,  an  organic  material,  which  possesses  a  remarkable  affinity 
for  these  gases,  and  in  which,  also,  one  gas  can  expel  the  other. 
Such  loose  combinations  are  not  unheard  of  in  chemistry.  Car- 
bonate and  phosphate  of  soda  absorb  considerable  quantities  of  car- 
bonic acid  (forming  bicarbonate  of  soda).  The  carbonic  acid  thus 
combined  may  be  driven  out  either  by  other  gases,  as  by  oxygen, 
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&c,  or  by  greatly  diminished  atmospheric  pressure;  a  property 
which  the  globulin  of  the  crystalline  lens,  as  we  saw  above  (pp.  112 
and  132),  shares  with  these  salts.  That  other  gases  enter  into  fixed 
chemical  combinations  with  individual  constituents  of  the  blood, 
and  particularly  with  the  contents  of  the  blood-corpuscles,  which 
cannot  be  so  readily  dissolved  by  other  indifferent  gases,  is  self- 
evident  to  us ;  but  there  are  some  gases  in  which  very  active  mani- 
festations of  affinity  are  not  otherwise  to  be  noticed,  which  combine 
so  firmly  with  the  components  of  the  blood-corpuscles,  e.  g.,  carbonic 
oxide  and  several  carbohydrogens,  that  the  previous  nature  of  the 
blood  can  in  no  way  be  restored.  These  gases  color  the  blood 
almost  black,  destroy  the  blood -corpuscles,  and  disintegrate  the 
hasmato-crystallin ;  at  least  a  pure  solution  of  the  latter  loses  by 
these  gases  not  only  its  crystallizability,  but  also  many  of  its  other 
properties. 

In  whipped  blood  there  are  also  found  certain  morphological 
elements,  which  have  been  called  fibrinous  flakes.  They  do  not 
consist,  however,  of  fibrin,  but  show,  chemically,  more  resemblance 
to  horny  substance ;  they  are  mostly  epithelial  cells,  partly  derived 
from  the  inner  coat  of  the  bloodvessels,  partly  from  a  foreign  source 
— i.  e.  epithelial  fragments  of  the  cuticle  of  the  observer,  which 
have  fallen  into  the  blood.  The  accumulated  fragments  of  the  cell- 
membranes  of  destroyed  blood-corpuscles  have  also  occasionally 
been  taken  for  them. 

As  the  chemical  constitution  of  the  morphotic  components  of  the 
colorless  blood- corpuscles  agrees,  as  far  as  known,  entirely  with  that  of 
the  mucous  corpuscles  and  pus-corpuscles,  we  shall  consider  these 
more  closely  in  histo-chemistry,  among  "  Cytoid  Corpuscles."  The 
number  of  them  in  the  blood,  even  in  physiological  circumstances, 
is  very  different.  We  find  them  much  increased  after  large  bleed- 
ings often  repeated,  in  great  quantities  in  the  blood  of  the  hepatic 
and  splenic  veins,  as  also  in  the  blood  in  leuchaemia  and  pyaemia. 

Among  the  chemical  constituents  of  the  intercellular  fluid,  fibrin 
presents  itself  most  prominently,  on  account  of  its  spontaneous 
coagulation.  As  the  chemical  properties  of  blood-fibrin  are  known 
through  organic  chemistry,  we  shall  occupy  ourselves  here  espe- 
cially with  the  mode  of  coagulation  of  this  substance  in  freshly 
drawn  blood.  The  form  of  coagulation  is  best  investigated  micro- 
scopically by  placing  between  the  slide  and  cover-glass  a  drop  of 
liquid  free  from  blood-cells,  from  blood  the  corpuscles  of  which  have 
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sunk  somewhat  below  the  surface  before  its  gelatinizing.     Almost 
immediately  there  may  be  seen  in  the  field  several  molecular  gran- 
ules, from  which  extremely  fine,  straight  fibres  very  soon  arise,  ex- 
tending like  radii  from  each  point,  but  not  forming  regular  stellate 
masses  as  in  crystals;  these  fibres  elongate  gradually  over  several 
points,  and  cross  each  other  repeatedly,  so  as  finally  to  resemble  a 
tangled  spider's  web ;  this  network  becomes  constantly  thicker,  so 
that  the  colorless  corpuscles  imbedded  in  it  can  scarcely  be  recog- 
nized.   As  fibrin,  when  examined  in  exsiccated  drops  of  blood,  has 
a  lamellar  appearance,  many  observers  are  of  the  opinion  that  in 
coagulation  it  separates  in  the  form  of  lamellae,  and  that  its  fibril- 
lated  appearance  depends  merely  on  a  duplication  of  the  lamellae. 
It  is  not  yet  exactly  known  what  maintains  the  fibrin  in  solution  in 
the  blood  while  circulating,  and  what  disposes  it  to  separate  in  the 
solid  form  after  being  drawn ;  but  it  is  probable  that  by  the  access 
of  atmospheric  air — i,  e.  of  its  oxygen — such  a  change  takes  place  in 
the  dissolved  fibrin,  that  it  becomes  insoluble  in  the  alkaline  liquor 
sanguinis.     The  spontaneous  coagulation  of  the  fibrin  in  the  blood 
is  delayed  by  the  presence  of  an  excess  of  carbonic  acid,  and  by  the 
addition  of  dilute  solutions  of  sulphates,  nitrates,  hydrochlorates, 
carbonates,  or  acetates  of  the  alkalies ;  by  concentrated  solutions  of 
these  salts  it  is  wholly  prevented.   As  fibrin,  in  coagulating,  always 
incloses  morphotic  elements,  especially  colorless  corpuscles,  it  has 
not  yet  been  possible  to  present  it  chemically  pure.     In  the  coagu- 
lation of  the  blood,  various  modifications  show  themselves  under  dif- 
ferent physiological  and  pathological  circumstances ;  thus,  the  period 
within  which  it  commences  or  is  completed,  the  period  of  coagulation, 
is  in  the  first  place  somewhat  various.    Various  causes  influence  this. 
Violent  agitation  of  the  blood,  produced  by  shaking  or  stirring,  hastens 
the  separation  of  the  fibrin.    Free  access  of  atmospheric  air,  or  oxygen, 
has  the  same  effect;  hence  blood  coagulates  quicker  in  shallow  ves- 
sels than  in  deep  ones,  as  also  when  it  trickles  slowly  from  a  vein 
than  when  it  flows  freely  in  a  stream.     Carbonic  acid  delays  coagu- 
lation; hence,  in  cyanosis  and  inflammatory  processes,  the  blood 
coagulates  slowly.     A  watery  condition  of  the  blood  hastens  coagu- 
lation; but  the  addition  of  large  quantities  of  water  to  the  blood, 
after  it  has  been  drawn,  delays  it.     Thus  the  watery  blood  which 
we  always  find  in  women,  but  especially  in  anaemia,  coagulates  much 
more  slowly  than  the  blood  of  men  or  healthy  persons.     How  far 
the  salts  which  have  been  mentioned  above  influence  the  period  of 
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coagulation  in  diseased  blood,  is  not  yet  precisely  ascertained.  One 
fact  remains,  the  addition  of  solutions  of  albumen,  casein,  or  sugar  to 
the  blood,  retards  its  coagulation.  The  influence  of  temperature  has 
not  been  very  closely  investigated ;  we  only  know  that,  when  blood 
is  frozen  before  or  during  coagulation,  after  thawing,  it  coagulates 
as  if  it  had  not  been  frozen.  The  quantity  of  fibrin  in  the  blood  is 
probably  without  influence  on  the  period  of  coagulation.  Why, 
finally,  the  blood  does  not  coagulate  in  the  corpses  of  those  struck 
by  lightning,  hanged,  or  dead  of  asphyxia  or  narcotic  poisons,  but, 
on  the  contrary,  very  speedily  in  the  plague  and  those  poisoned  by 
the  bite  of  the  viper,  is  as  yet  unexplained. 

The  consistence  of  the  blood-clot  is  also  very  different ;  this  is  not 
founded  in  any  chemical  difference  of  the  fibrin,  but  depends  on 
several  mechanical  conditions,  principally  upon  the  relative  propor- 
tions of  the  blood-corpuscles  to  the  fibrin ;  thus,  if  the  number  of 
the  corpuscles  is  small  as  compared  with  the  quantity  of  fibrin,  the 
latter  contracts  more  closely ;  if  the  blood-corpuscles  are  much  in 
excess,  a  soft  coagulum  is  formed.  Hence  the  lower  part  of  every 
clot  is  softer,  the  upper  more  consistent ;  hence  the  clot  of  chlorotic 
patients  is  small  and  solid,  that  of  plethoric,  soft  and  voluminous. 
Excess  of  water,  also,  in  the  blood,  always  produces  a  soft,  often 
gelatinous,  clot,  as  is  proved  by  the  artificial  addition  of  water  to 
the  blood,  as  well  as  by  experience  in  hydrsemic  blood.  Carbonic 
acid,  and  salts  which  retard  coagulation,  generally  produce  a  softer 
condition  of  the  clot;  from  oxygenated,  bright-red  blood,  a  thick, 
elastic  coagulum  is  formed ;  from  that  of  cyanotic  and  asphyxiated 
persons,  rich  in  carbonic  acid,  a  very  soft,  gelatinous  one.  The 
shape  of  the  clot  formed  by  coagulation  is  dependent  on  the  form  of 
the  vessel  in  which  the  process  takes  place;  but  there  are  some 
other  circumstances  which  modify  this.  The  clot  is,  namely,  very 
often  contracted  relatively  more  on  the  surface  than  in  the  middle 
and  lower  part ;  it  often  has  also  on  the  surface  a  layer,  of  variable 
thickness,  of  compact  fibrin  (the  so-called  inflammatory  crust,  buffy 
coat),  with  which  there  is  generally  associated  a  concavity  of  the 
upper  surface,  a  cup-like  depression  with  raised  margin.  The  oppo- 
site case  is  when,  besides  the  clot,  a  sediment  of  red  corpuscles  is 
formed.  These  phenomena  depend  upon  the  relation  of  the  period 
of  coagulation  of  the  fibrin  to  the  settling  of  the  blood-corpuscles. 
If  the  corpuscles  sink  below  the  surface  of  the  fluid  before  the  fibrin 
begins  to  separate,  the  upper  part  of  the  coagulated  fibrin  will  con- 
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tain  no  red  corpuscles  (hence  appearing  whitish  gray),  and  will  con- 
tract more  firmly  than  the  under  corpuscle-holding  portion  (hence 
the  cup-shaped  depression  with  raised  margin).  On  the  other  hand, 
if  the  blood-corpuscles  have  but  little  tendency  to  settle,  on  account 
of  the  rapid  coagulation  of  the  fibrin,  if  they  do  not  form  them- 
selves into  rolls,  they  are  partly  pressed  out  of  the  clot  by  the  con- 
traction of  the  fibrin,  and  form  the  above-mentioned  red  sediment. 
The  formation  of  a  buffy  coat  is  also  favored,  when  the  above  condi- 
tions are  present,  by  several  circumstances — as,  e.  g.,  the  form  of  the 
vessel  in  which  the  blood  coagulates;  in  a  tall,  narrow  vessel,  a  buffy 
coat  is  often  formed  from  blood  which  exhibits  none  in  a  broad,  flat 
vessel.  Further,  the  quantity  of  blood-corpuscles  is  not  without 
influence;  blood  containing  few  of  them  (that  of  pregnancy,  chlo- 
rosis, and  of  the  second  and  third  bleedings)  forms  a  crust  much 
more  readily  than  that  containing  an  excess  (e.  g.  in  plethora).  A 
large  proportion  of  fibrin,  moreover,  influences  the  formation  of  the 
crust;  but  this  consideration  is  of  secondary  importance.  The  blood 
generally  forms  a  crust  in  diseases  of  an  inflammatory  character ; 
the  venous  blood  of  healthy  horses  constantly  exhibits  it;  the  arte- 
rial also,  but  smaller.  The  quantity  of  fibrin  in  healthy  blood  of 
man  varies  but  little  from  0.3  per  cent.  We  find  a  constant  increase 
of  it  in  all  inflammations,  accompanied  by  fever,  which  may  rise  to 
1.3  per  cent. ;  it  is  most  observable  in  acute  articular  rheumatism ; 
in  no  disease  is  there  found  constantly  an  important  diminution  of 
fibrin.  Arterial  blood  usually  contains  more  fibrin  than  venous;  its 
quantity  is  smaller  in  the  blood  of  the  portal  vein,  very  small  in  that 
of  the  splenic  vein,  while  it  is  wholly  wanting  in  that  of  the  hepatic 
veins. 

The  serum,  after  separation  from  the  clot,  occasionally  con- 
tains, especially  in  certain  diseases,  a  small  quantity  of  undissolved 
particles  in  suspension,  which  give  it  a  milky  or  slightly  opalescent 
appearance ;  these  particles  consist  either  of  fat-molecules,  or  of  fine 
granules  of  precipitated  albumen  poor  in  salts,  or  of  colorless  blood- 
corpuscles.  The  proportion  of  water  in  the  serum  stands  generally  in 
direct  ratio  to  the  proportion  of  water  in  the  whole  blood,  and  espe- 
cially to  that  of  the  blood-corpuscles ;  where  the  proportion  of  water  in 
the  serum  is  considerable,  the  number  of  the  blood-corpuscles  usually 
is  diminished ;  hence  the  solid  residue  of  the  whole  blood  is  gene- 
rally much  reduced  under  such  circumstances ;  on  the  other  hand, 
the  physical  law  follows,  that  a  very  watery  serum  necessitates  also  an 
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increase  of  water  in  the  blood-cells.  The  serum  of  adult  males  con- 
tains about  90.5  per  cent,  of  water ;  on  the  average,  that  of  women, 
especially  during  pregnancy,  contains  somewhat  more.  All  external 
and  internal  circumstances  of  the  animal  organism,  which  are  asso- 
ciated with  considerable  loss  of  fluid,  diminish  the  quantity  of  solid 
constituents  in  the  blood,  and  hence  an  increased  proportion  of  water 
is  produced ;  the  same  must  be  the  case  after  deprivation  of  food,  or 
disturbed  nutrition ;  hence  the  blood  becomes  more  watery  in  most 
diseases,  except  in  the  first  stage  of  typhus  fever,  measles,  scarlet 
fever,  and  cholera.  The  serum  of  the  blood  of  the  arteries  contains 
more  water  than  that  of  the  veins;  among  the  latter,  that  of  the 
portal  vein  is  especially  rich  in  it,  while  that  of  the  hepatic  vein  con- 
tains less  even  than  that  of  the  arteries.  The  blood  of  the  amphibia 
contains  more  water,  that  of  birds  less,  than  that  of  the  mammalia. 

The  principal  constituent  of  the  blood-serum  is  albumen.  This 
is  the  substance  from  which  all  other  protein  substances,  and  pro- 
bably all  the  nitrogenised  tissues  in  the  animal  economy  are  formed. 
The  quantity  of  albumen  in  normal  blood  varies  between  6.8  and 
7.0  per  cent.;  in  normal  serum  between  7.9  and  9.8  per  cent.  In 
most  diseases  the  albuminous  contents  of  the  serum  are  more  or 
less  diminished ;  they  have  been  found  increased  only  in  intermit- 
tent fever  and  cholera.  During  digestion  the  proportion  of  albu- 
men in  the  blood  also  increases  considerably.  Arterial  blood- 
serum  contains  less  albumen  than  venous;  that  of  the  portal  vein 
has  a  still  smaller  proportion,  while,  on  the  contrary,  that  of  the 
hepatic  veins  is  very  rich  in  it.  Human  blood  contains,  on  an 
average,  more  of  this  substance  than  that  of  most  mammalia. 

Whether  casein  is  a  constant  element  of  normal  blood-serum  has 
not  been  determined  by  the  investigations  hitherto  made.  At  all 
events,  a  substance  exists  in  the  serum  which  has  great  resemblance 
to  casein,  and  hence  has  been  called  serum  -  casei  n ;  but  it  may, 
with  equal  propriety,  be  taken  as  an  albumen  deficient  in  alkali 
and  salts.  This  serum-casein  is,  according  to  some  observers,  sen- 
sibly increased  in  the  blood-serum  of  pregnant  women,  and  in  that 
of  the  placental  vessels. 

The /ate  of  the  serum  consist  less  of  stearin,  margarin,  and  olein, 
than  of  stearic,  margaric,  and  oleic  acids,  and  cholesterin;  what  was 
previously  known  as  serolin,  is  a  mixture  of  the  crystallizable  part 
of  the  fats  named.  In  the  ethereal  extract  of  the  serum  the  crys- 
tallizable fats  preponderate,  while  those  of  the  blood-corpuscles  are 
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more  oily  and  yellow-colored.  Phosphoretted  substances,  soluble 
in  ether,  which  exist  in  the  blood-cells,  are  wanting  in  the  serum. 
The  proportion  of  fat  in  the  blood-serum  is  somewhat  variable,  but 
careful  determinations  of  it  are  wanting.  During  digestion,  the 
blood  becomes  constantly  richer  in  fat.  In  diseases,  the  ordinary 
fats  appear  to  diminish,  while  the  cholesterin  increases.  The  blood- 
serum  of  women  is,  on  the  average,  richer  in  fat  than  that  of  men. 
The  blood  of  the  arteries  contains  less  fat  than  that  of  the  veins ; 
among  the  latter,  that  of  the  portal  vein  is  the  richest  in  it. 

Grape-sugar  is  also  a  constant  constituent  of  the  blood-serum. 
The  quantity  of  it,  however,  under  ordinary  circumstances,  is  ex- 
tremely small ;  thus,  in  the  blood  of  the  ox,  there  has  been  found 
only  0.0007  per  cent.  After  the  use  of  amylaceous  or  saccharine 
food,  its  quantity  may  be  increased  so  as  to  amount  to  0.5  per  cent.; 
in  diabetic  patients,  whose  blood  always  contains  much  sugar, 
more  than  0.05  per  cent,  is  seldom  found.  The  blood  of  the  portal 
vein  contains  only  traces  of  sugar,  while  that  of  the  hepatic  veins 
abounds  in  it. 

[The  origin  of  sugar  in  the  liver  is  deduced  from  the  fact  first 
observed  by  M.  CI.  Bernard,  that  the  blood  of  the  hepatic  veins  is 
very  rich  in  sugar,  while  that  of  the  portal  vein  (during  the  diges- 
tion of  animal  food)  contains  little  or  none  of  this  principle.  The 
tests  employed  by  him  for  its  determination  were  fermentation  with 
yeast,  Trommer's,  and  a  third,  the  tartrate  of  copper  and  potassa, 
which  is  very  delicate,  and  has  the  advantage  of  ready  applicability. 
It  has,  however,  been  asserted  by  M.  Figuier,  that  sugar  does  exist 
in  small  quantities  in  the  blood  of  the  portal  vein  after  the  ingestion 
of  purely  animal  food ;  that  it  is  carried  to  the  liver,  and  there 
stored  up  for  distribution  according  to  the  wants  of  the  system.  His 
memoir  on  the  subject  was  referred  by  the  Academie  des  Sciences  to 
a  committee  of  investigation,  who  reported  that  a  substance  was 
found  in  the  portal  vein  which  reduced  the  oxide  of  copper,  but 
did  not  undergo  fermentation  with  yeast,  and  hence  its  saccharine 
character  could  not  be  considered  as  proved.  M.  Figuier,  however, 
maintains  that  another  substance,  as  yet  unknown,  which  is  present 
in  the  portal  blood,  prevents  the  fermentation,  and  that,  on  its 
removal,  by  means  of  nitric  or  sulphuric  acid,  fermentation  takes 
place  readily.  This  has  not  yet  been  reported  upon.  Meanwhile, 
M.  Bernard  has  announced  the  formation  of  sugar  in  the  liver  from 
a  substance  found  in  its  parenchymatous  tissue.     His  experiments 
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were  as  follows :  A  healthy  dog,  which  had  been  fed  exclusively 
on  meat  for  some  time  previously,  was  killed  seven  hours  after  a 
meal ;  the  blood  of  the  portal  vein  contained  no  sugar,  while  that 
of  the  hepatic  showed  an  abundance.  A  strong  current  of  water 
was  passed  through  the  portal  vein  for  forty  minutes  until  it  flowed 
from  the  hepatic  vein  free  from  all  traces  of  sugar  or  albumen.  A 
portion  of  the  liver,  on  being  boiled  with  water,  yielded  no  trace  of 
sugar ;  but,  after  standing  for  twenty-four  hours,  the  rest  of  the  liver 
contained  it  in  nearly  normal  quantity.  He  next  took  a  fresh  liver, 
and  having  separated  as  far  as  possible  the  parenchymatous  portion 
of  the  liver  from  the  bloodvessels  and  nerves,  he  extracted  the 
former  with  alcohol,  so  as  to  remove  every  trace  of  sugar.  The 
residue,  after  filtration,  was  thoroughly  desiccated  and  tested  for 
sugar  without  success :  it  was  then  moistened  with  distilled  water, 
and  allowed  to  remain  at  the  ordinary  temperature  for  twenty -four 
hours,  when  sugar  was  found  abundantly.  The  formation  of  sugar 
from  a  nitrogenised  material  in  the  liver,  and  the  source  of  that 
found  in  the  serum,  is  thus  placed  beyond  doubt. — J.  C.  M.] 

Urea  must  also  be  considered  a  normal  constituent  of  the  blood ; 
its  quantity  is  however  so  small  that  exact  quantitative  determina- 
tions of  it  have  hitherto  been  impossible. 

Hippuric  acid,  creatin,  and  creatinin,  have  also  been  recognized  as 
normal  constituents  of  the  blood. 

It  is  not  improbable  that  the  serum  contains  a  peculiar  yellow 
coloring  matter,  but  this  has  not  been  proved  with  certainty. 

Biliary  coloring  matter  and  acids  often  occur  in  diseased  blood, 
even  when  there  is  no  decided  lesion  of  the  liver;  in  healthy  blood, 
however,  these  substances  are  never  found. 

Hypoxanthin  is  found  in  the  blood  in  very  small  quantities;  it 
occurs  in  larger  quantities  in  the  blood  of  the  splenic  vein,  as  also 
in  the  blood  generally  in  leuchaemia. 

Uric  acid  has  hitherto  been  found  with  certainty  only  in  diseased 
blood — especially  in  arthritis. 

Actual  glutin  has  as  yet  been  detected  only  in  the  blood  of  leu- 
chasmia. 

Formic,  acetic,  and  lactic  acids  may  perhaps  be  contained  in  very 
small  quantities  in  normal  blood  (as  the  first  exists  so  abundantly 
in  the  sweat,  and  the  last  in  the  muscles) ;  but  thus  far  they  have 
only  been  detected  in  the  blood  of  the  splenic  vein,  and  in  that  of 
leuchaemia. 
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The  blood  of  most  animals  usually  emits,  when  warm,  an  odor 
peculiar  to  almost  every  species;  this  occurs  especially  on  the 
admixture  with  it  of  If  vols,  of  sulphuric  acid;  this  is  most  unde- 
niable in  the  blood  of  the  goat,  sheep,  and  cat ;  the  chemical  nature 
of  these  odoriferous  principles  is  not  yet  ascertained,  but  they  pro- 
bably belong  to  the  volatile  fat  acids. 

Among  the  mineral  constituents  of  the  serum,  chloride  of  sodium 
predominates  (averaging  61  per  cent,  of  the  ash);  next  to  this 
stands  carbonate  of  soda  (28.9  per  cent.) ;  the  proportion  of  chloride 
of  potassium  in  the  ash  is  very  variable  (but  averaging  about  4  per 
cent.),  as  also  that  of  phosphate  of  soda  (about  3  per  cent.);  the 
quantity  of  sulphate  of  potassa  which  is  found  depends  mostly 
upon  the  manner  of  incineration.  "We  find  altogether,  on  the  ave- 
rage, 0.85  per  cent,  of  salts  in  the  serum ;  that  of  the  blood  of  men 
contains  more  salts  than  that  of  women,  and  that  of  adults  more 
than  that  of  children.  In  violent  inflammations,  the  serum-salts 
have  been  found  much  diminished,  and  even  still  more  so  in 
cholera;  on  the  contrary,  in  acute  exanthemata,  in  typhus,  dysen- 
tery, Bright's  disease,  and  especially  dropsy,  or  hydraemia,  consider- 
ably increased.  Arterial  blood-serum  is  somewhat  richer  in  salts 
than  venous;  that  of  the  portal  vein  contains  more,  again,  than  the 
arteries.  After  repeated  bleedings,  more  salts  are  found  in  the 
serum  of  the  parts  of  the  blood  last  drawn  than  in  the  first. 

Carbonate  of  ammonia  is  found  in  the  blood  only  in  severe  ill- 
nesses, and  especially  associated  with  the  set  of  symptoms  which 
has  been  called  uraemia;  and  almost  constantly  in  the  blood  of 
cholera  patients. 

Silicic  acid  has  hitherto  been  found  only  in  the  blood  of  fowls. 

For  the  analysis  of  the  blood,  the  well-known  means  afforded  by 
analytical  chemistry  are  not  sufficient.  It  is  especially  necessary 
in  the  investigation  of  the  blood,  to  examine  the  blood-corpuscles 
separated  from  the  intercellular  fluid;  but  these  molecules  are  sepa- 
rable from  the  liquid  of  the  blood  neither  by  filtration  nor  any 
other  mechanical  means.  We  must  hence  seek  to  estimate  them 
indirectly.  As  the  blood-clot  usually  contains  all  the  corpuscles, 
and  presses  out  the  greater  part  of  the  pure  serum,  the  idea  sug- 
gested itself  of  analyzing  both  parts  separately,  and  calculating  all 
the  water  found  in  the  blood-clot  as  belonging  to  the  serum.  As  it 
was  not  possible  to  estimate  directly  the  water  still  included  in  the 
clot,  it  was  assumed  that  the  fluid  which  permeated  the  blood-cor- 
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puscles  with  all  its  constituents  (ascertained  by  special  analyses  of 
serum),  was  serum.  When,  then,  the  solid  constituents  belonging 
to  the  water  (as  this  was  derived  from  the  serum),  and  also  the 
fibrin  were  subtracted  from  the  solid  residue  of  the  blood-clot,  it 
was  thought  that  the  quantity  of  the  solid  constituents  of  the  blood- 
corpuscles  was  ascertained  in  the  number  thus  found.  This  con- 
stitutes the  before-mentioned  dry  blood-corpuscles  of  the  earlier 
analyzers,  who  found,  on  the  average,  12.5  to  13  per  cent,  of  them 
in  normal  blood.  Independently  of  this  method  being  wrong  in 
principle,  since  the  blood- corpuscles  themselves  do  not  and  cannot 
contain  actual  serum  within  themselves,  the  amount  of  error  is  not 
so  constant  that  such  analyses  are  capable  of  comparison ;  for,  e.  g., 
with  the  same  quantities  of  blood-corpuscles  the  clot  contains  some- 
times more,  sometimes  less  real  serum,  and  thus  there  is  subtracted 
from  the  solid  residue  of  the  blood-clot  an  entirely  accidental  quan- 
tity of  the  solid  constituents  of  the  blood-cells,  standing  in  no  rela- 
tion to  the  actual  proportion.  The  attempt  has  been  made,  in 
various  ways,  to  improve  this  method,  but  it  still  remains  unrelia- 
ble, because  its  principle  is  wrong.  From  the  knowledge  that  the 
blood-corpuscles  passed  less  readily  through  the  filter  after  the 
action  on  the  blood  of  sulphate  of  soda  or  nitrate  of  potassa,  a  means 
of  determining  the  quantity  of  the  dry  residue  of  the  blood-corpus- 
cles was  thought  to  have  been  attained  in  the  application  of  a  satu- 
rated solution  of  Glauber's  salts  (1  vol.  of  blood  mixed  with  8  vols, 
of  the  solution).  But  entirely  independent  of  the  fact  that  we 
seldom  succeed  in  filtering  off  the  blood  cells  in  this  way  without 
some  of  them  passing  through  the  filter,  and  also  that  in  the  blood 
of  many  animals,  or  in  diseases,  no  such  separation  is  effected  by 
this  salt,  we  thus  determine  only  several  coagulable  constituents  of 
the  blood-corpuscles  (for  the  corpuscles  saturated  with  the  salt- 
solution  can  only  be  separated  from  the  salts  by  a  second  solution 
and  coagulation),  and  lose  all  the  salts  and  uncoagulable  organic 
matters  of  the  blood-cells.  Of  late,  other  ways  have  been  devised 
to  obtain  at  least  indirectly  approximative  determinations  of  the 
amount  and  composition  of  the  corpuscles  in  the  blood.  As  from 
the  comparison  of  the  analyses  of  the  clot  and  the  serum  of  the 
same  blood  it  is  evident  that  in  the  solid  residue  of  the  clot  there 
are  more  potassium  compounds  and  phosphates  than  chlorine  and 
sodium  compounds,  while  the  serum  contains  almost  exclusively 
the  latter,  it  may  be  assumed  that  an  amount  of  serum  correspond- 
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ing  to  the  sodium  or  chlorine  is  contained  in  the  clot,  and  we  may 
thus  proceed  to  the  estimation  of  the  constituents  belonging  to  the 
blood-corpuscles.  But  as  in  all  probability  the  blood-corpuscles 
are  not  entirely  free  from  sodium  and  chlorine,  the  estimation  can- 
not be  supported  on  this  ground  alone  with  entire  certainty.  It 
has  also  been  endeavored  to  ascertain,  by  micrometrical  determina- 
tions, the  amount  of  the  watery  contents  of  the  blood  on  the  one 
hand,  and,  on  the  other,  the  volume  of  the  serum  contained  in  the 
blood-clot.  It  was  thus  found  that  the  blood-corpuscle  loses  under 
the  microscope,  by  drying,  about  68  to  69  per  cent,  of  its  volume, 
and  hence  contains  32  to  31  per  cent,  of  solid  matters;  and  also  that 
in  100  vols,  of  firmly  contracted  blood-clot,  about  20  vols,  of  serum 
are  still  contained;  hence,  four-fifths  of  the  volume  of  the  blood- 
clot  would  belong  to  the  blood-cells.  Any  one  acquainted  with 
this  kind  of  microscopical  and  volumetrical  determination  will  not 
deny  that  these  can  lay  no  claim  to  great  confidence ;  but,  by  com- 
bining all  three  of  these  modes  of  determination,  we  may  hope  to 
find  an  approximative  value  for  the  serum  still  contained  in  the 
clot,  and  thus  for  the  quantity  and  constituents  of  the  blood-cor- 
puscles. By  means  of  the  calculations  based  upon  these  determina- 
tions it  has  been  established  that  the  first  of  the  above-mentioned 
methods  may  be  applied  in  the  direct  analyses  of  the  blood ;  the 
number  of  dry  blood-corpuscles,  thus  obtained,  must  be  multiplied 
by  4  to  determine  very  nearly  the  amount  of  recent  blood-cells, 
and  hence  that  of  the  serum  inclosed  in  the  blood-clot.  AVhen  the 
amount  of  serum  thus  contained  is  known,  it  is  of  course  easy  to 
calculate  the  constituents  belonging  to  the  blood-corpuscles.  A 
method  of  analysis  of  the  blood  has  been  projected  lately,  founded 
upon  an  enumeration  as  exact  as  possible  of  the  [blood-corpuscles] 
contained  in  a  given  volume  of  fresh  blood,  and  a  similar  enumera- 
tion of  blood,  diluted  with  a  certain  quantity  of  serum,  together 
with  comparative  analyses  of  both  liquids.  It  is  easily  conceivable, 
that  if  we  could  add  to  the  blood  a  soluble  substance  which  merely 
dissolved  in  the  serum,  and  incapable  of  endosmose,  could  not  pene- 
trate into  the  blood-cells,  we  should  have  hit  upon  the  simplest  and 
safest  way  of  ascertaining  the  amount  of  the  serum  contained  in  the 
clot ;  for  it  would  only  be  necessary,  after  noting  the  quantity  of 
the  substance  added,  to  determine  the  proportion  of  this  substance 
in  the  serum  on  the  one  hand,  and  in  the  blood-clot  on  the  other, 
in  order  to  know  how  much  serum  was  still  contained  in  the  clot ; 
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after  the  subtraction  of  this  number,  and  the  quantity  of  fibrin,  we 
would  have  the  quantity  of  moist  blood-cells.  We  have,  in  fact, 
flattered  ourselves  from  time  to  time  that  we  had  found  this  sub- 
stance, but  hitherto  we  know  of  no  material  to  which  the  cell-mem- 
branes of  the  blood-cells  are  impenetrable,  and  probably  there  is 
none  which  absolutely  forbids  endosmotic  currents  between  the 
cell-contents  and  the  intercellular  fluid. 

Analytical  chemistry  teaches  the  modes  of  determining  the  other 
constituents  of  the  blood.  We  only  remark  here  briefly  that  what 
is  obtained  as  fibrin,  either  by  whipping  the  blood,  or  by  washing 
the  finely-chopped  clot,  is  never  pure  fibrin,  but  always  contains 
colorless  blood-cells  and  remains  of  colored  cells;  and,  also,  that 
albumen  cannot  be  precisely  determined  from  the  alkaline  blood- 
serum,  unless  this  fluid  has  previously  been  neutralized  or  slightly 
acidulated  by  dilute  acetic  acid. 

With  regard  to  the  difference  of  constitution  of  the  blood  in  dif- 
ferent physiological  circumstances,  the  following  may  be  looked 
upon  as  established. 

As  to  the  difference  o?  sex,  the  following  holds  good.  The  blood 
of  women  is  somewhat  lighter  red  than  that  of  men.  It  is  speci- 
fically lighter,  with  sulphuric  acid  develops  a  less  intense  sweaty 
odor,  contains  more  water,  and  fewer  blood-corpuscles ;  as,  conse- 
quently, the  serum  predominates  in  the  blood  of  women,  it  contains 
more  albumen  and  fixed  fats  than  that  of  me.n.  The  serum  of 
women's  blood  contains  less  salts  than  that  of  men's.  On  the  other 
hand,  in  the  blood  of  women,  as  a  whole,  more  salts  are  contained 
than  in  that  of  men.  During  pregnancy,  the  blood  is  of  a  darker 
hue,  has  a  less  specific  gravity,  as  it  contains  more  water,  and  is 
poorer  in  blood-corpuscles,  than  that  of  non-pregnant  women. 
Fibrin  is  only  relatively  increased,  hence  the  smaller  clot  with  a 
superficial  fibrinous  layer.  The  serum  contains  less  albumen ;  the 
so-called  serum-casein  is  increased.  The  blood  of  children  is  rich  in 
solid  constituents,  especially  in  blood-corpuscles ;  poorer  in  fibrin 
and  salts,  and  richer  in  extractive  matters,  than  that  of  adults.  In 
old  age  the  blood  becomes  poorer  in  solid  constituents,  especially 
in  blood-corpuscles  and  albumen.  Cholesterin  is  said  to  increase 
in  it. 

During  digestion,  the  blood  becomes  richer  in  solid  elements; 
the  colorless  cells,  especially,  increase ;  the  fibrin  usually  coagulates 
more  slowly ;  it  is  richer  in  fat,  hence  the  serum  is  often  cloudy ; 
10 


146  PHLEGMATO-CHEMISTRY. 

the  blood-corpuscles,  albumen,  fat,  and  salts,  likewise,  are  on  the 
increase.  After  long  abstinence,  depraved  nutrition,  or  excessive  loss 
of  fluids,  the  blood  has  a  somewhat  analogous  composition ;  the 
blood-corpuscles  decrease ;  the  serum  becomes  more  watery,  poorer 
in  albumen,  and  other  organic  constituents,  but  richer  in  salts.  By 
many  experiments  the  proposition  has  been  established  that  the  loss 
of  albumen  from  the  blood  is  replaced  by  corresponding  quantities  of  salts. 
Among  the  mammalia  the  omnivora  contain  most  blood-corpuscles, 
and,  consequently,  their  blood  is  richest  in  iron  and  the  phosphates. 
It  also  contains  most  fibrin  and  solid  constituents  of  the  serum,  but 
less  salts  than  the  blood  of  other  dietetic  classes.  The  blood  of 
carnivora  is  richer  in  blood-corpuscles  and  fat  than  that  of  herbivora. 
The  blood  of  birds  is  as  rich  in  blood-corpuscles  as  that  of  omni- 
vora, and  contains  more  fibrin  and  fat,  but  less  albumen,  than  that 
of  mammalia.  The  blood  of  cold-blooded  animals  is  poorer  in 
blood-corpuscles,  and  richer  in  water,  than  that  of  all  other  verte- 

brata. 

As  regards  the  differences  of  the  blood  of  different  vessels,  the 
following  is  ascertained :  In  the  red  cells  of  arterial  blood  there  are 
fewer  solid  constituents,  and  especially  less  fat,  than  in  those  of 
venous  blood;  on  the  other  hand,  relatively  more  hsematin  and  salts. 
The  liquor  sanguinis  of  arterial  blood  contains  more  fibrin  and 
water ;  on  the  other  hand,  relatively  less  albumen,  and  absolutely 
less  fat  and  extractive  matters,  than  that  of  venous  blood.     The 
blood  of  the  portal  vein,  compared  with  that  of  the  jugular  vein,  is 
poorer  in  blood-cells  and  in  solid  constituents  generally.   The  blood- 
corpuscles  often  appear,  under  the  microscope,  granular,  distorted, 
and  jagged ;  are  richer  in  hsematin,  and  poorer  in  hasmato-crystallin ; 
containing,  however,  twice  as  much  fat  as  those  of  the  jugular  vein. 
The  quantity  of  fibrin  is  less,  while  it  contains  much  fat.     The 
serum  contains  far  less  albumen ;  but,  on  the  contrary,  much  more 
fat,  extractive  matters,  and  salts ;  at  most,  only  traces  of  sugar.  The 
blood  of  the  hepatic  veins  contains  by  far  more  solid  constituents 
than  that  of  any  other  vessel.     It  is  very  rich  in  blood-corpuscles, 
colorless  as  well  as  colored.     The  latter  are  but  little  changed  by 
water;  they  are  poorer  in  hsematin,  fat,  and  salts.     The  liquor  san- 
guinis of  this  blood  contains  no  fibrin,  less  albumen  and  fat,  and  far 
less  saline  matter,  than  the  blood  of  other  vessels;  on  the  other 
hand,  it  contains  so  much  extractive  matter,  and  relatively  so  little 
water,  that  its  solid  constituents  are  found  to  be  higher  than  those 


THE    BLOOD.  147 

of  any  other  blood.  It  is  also  distinguished  by  its  large  proportion 
of  sugar  (see  p.  140).  The  blood  of  the  splenic  vein  is,  on  the  average, 
somewhat  more  watery  than  that  of  the  jugular  vein.  It  contains 
numerous  colorless  blood-corpuscles  of  various  sizes  and  shapes,  and 
very  little  fibrin.  This  blood  is,  however,  especially  distinguished 
by  containing  lienin,  hypoxanthin,  two  ferruginous  pigments,  acetic, 
formic,  and  lactic  acids,  and  iron  dissolved  in  the  liquor  sanguinis. 
Menstrual  blood  contains  no  fibrin,  and  relatively  few  solid  constitu- 
ents (16  per  cent.).  The  blood  of  the  placental  vessels  contains  little 
fibrin  and  albumen,  but  relatively  much  serum-casein. 

Inflammatory  diseases  always  give  rise  to  a  more  or  less  import- 
ant augmentation  of  fibrin.  This  usually  increases  with  the  grade 
and  duration  of  the  inflammation ;  the  blood-corpuscles  generally 
diminish  in  a  small  degree ;  the  albumen  of  the  serum  is  lessened, 
especially  when  there  is  considerable  exudation ;  the  salts  remain 
nearly  the  same ;  the  fats,  especially  cholesterin,  increase  slightly. 
In  acute  exanthemata,  the  blood-cells  diminish,  the  serum  becomes 
denser,  its  salts  increasing  more  than  the  organic  matters.  In  so- 
called  p lethora,  the  blood-corpuscles  are  increased,  the  fibrin  normal, 
the  albumen  slightty  above  the  normal  mean.  In  chlorosis,  the  blood, 
forms,  on  coagulation,  a  small  firm  clot,  often  with  the  buffy  coat, 
together  with  clear  serum  ;  the  blood-corpuscles  more  or  less  dimi- 
nished ;  the  composition  of  the  liquor  sanguinis  usually  normal.  In 
dysentery,  the  blood  becomes  poorer  in  corpuscles ;  the  fibrin  and 
also  the  salts  increase,  while  the  albumen  diminishes.  In  cholera, 
the  blood  becomes  excessively  thick  and  glutinous ;  the  blood-cor- 
puscles are  relatively  increased,  and  their  salts  diminished;  the 
serum  poorer  in  water  and  salts,  and  relatively  richer  in  albumen. 
It  also  generally  contains  urea  in  appreciable  quantities.  In 
Brighis  disease,  the  blood  assumes  the  character  which  it  usually 
does,  as  said  above,  after  excessive  loss  of  the  fluids  (in  so-called 
anozmia);  urea  is  often  found  much  increased  in  it;  a  portion  of  this 
sometimes  is  changed  into  carbonate  of  ammonia  (in  so-called 
urozmia).  In  yellow  fever,  as  in  cholera,  a  great  deal  of  urea  has 
been  found  in  the  blood.  In  typhus  fever,  during  the  first  eight 
days,  the  blood  is  found  as  in  plethora,  afterwards  as  in  anaemia.  In 
puerperal  fever,  the  diminution  of  the  blood-corpuscles  is  usually 
very  considerable ;  the  fibrin  is  (when  peritonitis  accompanies  it) 
much  increased,  but  gelatinous  and  soft,  generally  forming  a  crust ; 
the  solid  constituents  of  the  serum  much  diminished;  the  extractive 
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matters  increased.  Occasionally  bile-pigment  is  found  in  such 
blood,  and  not  unfrequently  free  lactic  acid.  In  pycemia,  the  fibrin 
is  diminished,  the  colorless  cells  much  increased.  In  leuchozmia, 
the  blood  is  pale  red,  often  with  whitish  streaks,  too  rich  in  color- 
less cells,  and,  on  coagulation,  but  little  alkaline  serum  separates. 
It  contains  glutin,  albuminous,  ferruginous,  and  phosphoretted  sub- 
stances, hypoxanthin,  formic,  acetic,  and  lactic  acids.  Of  the  com- 
position of  the  blood  in  carcinoma,  nothing  further  is  known  than 
that,  according  to  some  observers,  the  fibrin  is  much  increased. 
Diabetic  blood  has  the  same  composition  as  normal  blood,  except 
its  large  content  of  sugar.  Scorbutus,  tuberculosis,  scrofulosis,  chronic 
rheumatism  and  arthritis,  are  such  vague  descriptions  of  pathological 
states  that  no  especial  value  is  to  be  placed  on  the  analyses  of  blood 
accomplished  in  such  conditions. 


THE  CHYLE. 

This  animal  fluid  is,  during  digestion  (especially  after  partaking 
of  fat),  almost  milk-white ;  in  the  fasting  state,  only  opalescent,  often 
yellowish  white  to  pale  reddish  in  color,  of  feeble  odor  and  insipid 
taste,  slightly  alkaline  in  reaction.  Like  the  blood,  the  chyle  coagu- 
lates in  nine  or  ten  minutes  after  being  withdrawn  from  the  animal 
body ;  the  coagulum,  which  contracts  fully  in  two  to  four  hours,  is 
very  small  relatively  to  the  serum,  very  soft,  often  merely  gela- 
tinous ;  the  yellow  coagulum  usually  becomes  of  a  light-red  color 
in  the  air.  The  chyle  serum  remains  always  cloudy  and  opalescent, 
becomes  clearer  by  ether,  is  often  clouded  by  acetic  acid;  on  being 
boiled,  it  does  not  deposit  a  dense  cheesy  coagulum,  but  merely 
becomes  milk-white  from  the  suspended  molecules  of  coagulated 
albumen. 

Quantities  of  chyle  for  chemical  investigation  are  best  obtained 
from  the  thoracic  duct  by  opening  the  cavity  of  the  chest  imme- 
diately upon  killing  the  animal  (which  should  have  eaten  several 
hours  previously),  and  tying  the  duct  at  its  point  of  discharge  into 
the  subclavian  vein;  from  the  carefully  prepared  thoracic  duct  a 
large  quantity  of  chyle  is  thus  obtained,  as  free  as  possible  from 
blood. 

The  chyle  is  very  rich  in  morphotic  elements.  We  find  in 
it  principally  fine  molecular  granules,  aggregated  masses  of  gra- 
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nules,  or  nucleus -like  formations,  cytoid  corpuscles  with  one  or 
several  nuclei  (chyle-corpuscles),  and  fat-globules;  colored  blood- 
corpuscles  are  very  rarely  found  in  the  chyle  of  the  thoracic  duct. 
The  chemical  constituents  of  the  chyle  are  almost  the  same  as  those 
of  the  blood.  The  fibrin  of  chyle  usually  contracts  but  little,  re- 
mains gelatinous,  and  hence  is  more  easily  soluble  in  salt  solutions 
than  the  densely  contracted  blood-fibrin ;  its  proportion  is  far  less 
than  in  the  blood.  The  albumen  of  the  chyle  is  richer  in  alkali ; 
on  this  account  it  does  not  coagulate  in  flocculi  and  masses,  is  par- 
tially precipitated  by  acetic  acid,  and  on  evaporation  of  the  partially 
coagulated  fluid  films  are  formed  on  the  surface.  Its  quantity  in 
chyle-serum  is  much  less  than  in  blood-serum.  Casein  is  maintained 
to  be  a  constituent  of  chyle-serum,  but  this  is  not  proved.  The 
proportion  of  fats  which  are  only  partially  saponified  in  the  chyle, 
is  very  various,  depending  on  the  description  of  the  food.  Sugar 
is  only  to  be  detected  after  amylaceous  diet,  and  then  only  in  traces. 
The  constituents  of  the  bile  do  not  pass  as  such,  at  least  normally, 
into  the  chyle.  The  residuum  of  the  chyle  contains  more  so-called 
extractive  matters  than  that  of  the  blood-serum.  The  chyle  is  very 
rich  in  alkalies,  which  are  combined  partly  with  albumen,  fatty 
acids,  and  lactic  acid,  partly  with  phosphoric  acid  and  chlorine. 
Sulpho-cyanogen  compounds,  sulphates,  and  sal  ammoniac,  are  not 
to  be  detected  in  the  chyle.  Whether  or  not  iron  is  contained  in 
the  chyle  serum  is  still  in  dispute.  The  mineral  constituents  of  the 
solid  residue  of  the  chyle  form  about  twelve  per  cent.,  of  which 
nine  or  ten  per  cent,  are  soluble  salts. 

The  influence  of  the  food  upon  the  composition  of  the  chyle  is 
shown  as  follows :  after  fasting,  or  insufficient  food,  the  chyle  is 
somewhat  poorer  in  solid  constituents,  and  especially  in  fat.  After 
animal  food,  if  it  be  fatty,  it  becomes  milk-white  from  the  fat.  As 
the  chyle  collected  from  the  intestinal  villi  in  the  vessels  of  the 
mesentery  comes  into  close  contact  with  the  blood-fluid,  it  under- 
goes, on  its  way  to  the  thoracic  duct,  various  modifications  by  the 
interchange  of  its  constituents  with  those  of  the  blood,  which 
are,  however,  unfortunately  only  to  be  detected  by  the  microscope. 
Fibrin  makes  its  appearance  in  the  chyle  first  in  the  vessels  of  the 
mesentery;  after  the  receptaculum  chyli,  the  proportion  of  albumen 
and  solid  constituents  generally  increases,  while  the  free  fat  disap- 
pears partially,  some  of  it  being  saponified,  some  passing  into  the 
increasing  morphotic  elements.     The  quantities  of  chyle  which  enter 
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the  blood  within  a  given  time  can  be  determined  or  estimated  only 
in  the  most  uncertain  manner.  Direct  determinations  have  been 
attempted  by  opening  the  thoracic  duct  in  the  neck  of  living  or 
just-killed  animals,  and  collecting  the  outflowing  chyle,  and  esti- 
mates presented,  based  upon  a  comparison  of  the  albuminates,  or 
fats  absorbed,  with  the  proportions  of  these  substances  in  the  chyle. 
According  to  the  latest  experiments,  it  is  assumed  that  the  quantity 
of  fluid  passing  from  the  thoracic  duct  into  the  subclavian  vein  in 
twenty-four  hours,  is  as  great  as  the  entire  amount  of  blood  in  the 
body,  i.  e.,  one-fifth  of  the  weight  of  the  latter. 


THE  LYMPH. 

This  fluid  is  colorless,  or  slightly  yellowish,  usually  somewhat 
opalescent,  of  a  feeble,  saltish,  insipid  taste,  and  alkaline  reaction. 
It  coagulates  from  4  to  20  minutes  after  its  withdrawal  from  the 
lymph  vessel,  forming  a  gelatinous,  quivering,  colorless  coagulum, 
which  contracts  very  gradually,  so  that  the  clot  becomes  inconsider- 
able relatively  to  the  serum.  The  lymph  which  has  mostly  been  used 
in  chemical  investigations,  has  been  such  as  flowed  out  spontaneously 
in  consequence  of  wounds.  It  is  most  readily  obtained  from  frogs, 
by  incising  the  skin  of  the  upper  part  of  the  thigh  and  dissecting 
off  a  part  of  it.  Of  morphotic  elements  there  are  found  in  the  lymph, 
besides  fat-globules,  nucleus-like  formations,  and  especially  cytoid 
corpuscles  (the  so-called  lymph-corpuscles) ;  only  in  the  lymphatics 
of  the  spleen  and  the  lymph  of  starving  animals  have  blood-cor- 
puscles been  found.  The  chemical  constituents  of  the  lymph  coincide 
almost  exactly  with  those  of  the  blood,  after  subtracting  the  sub- 
stances peculiar  to  the  red-corpuscles.  The  quantity  of  fibrin  in  the 
lymph  is  very  small  compared  with  that  in  the  blood,  as  also  the 
quantity  of  albumen  is  relatively  less ;  that  of  the  salts  relatively 
more.  On  the  whole,  the  lymph  contains  far  less  solid  constituents 
than  the  liquor  sanguinis.  Fat  is  generally  contained  saponified  in 
the  lymph,  but  in  small  quantity.  The  extractive  matters  are  con- 
tained in  greater  quantity  in  the  lymph  than  in  the  blood-serum ; 
among  them  urea,  lactic  acid,  &c,  lie  concealed.  It  is  also  worthy 
of  remark  that  ammoniacal  salts  have  been  detected  with  certainty 
in  the  lymph,  as  also  sulphates  pre-formed  in  considerable  quan- 
tities. 
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TRANSUDATIONS. 

We  embrace,  under  this  head,  all  those  animal  fluids  which,  as 
they  have  to  pass  through  series  of  cells,  present  themselves  as  ele- 
ments of  the  blood  which  have  been  extravasated  immediately  from 
the  capillaries  in  the  fluid  state.  They  are  distinguished  from  the 
secretions  in  the  narrower  sense  of  the  word  by  containing  only  the 
constituents  of  the  liquor  sanguinis,  while  the  secretions  contain 
either  elements  peculiar  to  themselves,  or  certain  matters  accumu- 
lated which  exist  only  sparingly  elsewhere;  and  from  exudations 
by  being  free  from  blood-corpuscles,  and  subject  to  no  morphotic 
developments.  The  transudations  are  poured  out  normally  and 
abnormally  in  the  parenchymata  of  organs,  in  the  open  and  closed 
cavities  of  the  animal  body,  and  even  upon  the  cuticle.  Thus  there 
belong  to  this  class  the  secretions  of  all  serous  membranes,  the 
aqueous  humor  of  the  eye,  the  liquor  amnii,  the  secretion  of  wounds 
(when  free  from  blood-cells),  the  contents  of  the  vesicles  formed  by 
blisters,  &c.  The  passage  of  water  and  some  of  the  constituents  of 
the  liquor  sanguinis  through  the  walls  of  the  capillaries  is  to  be 
regarded  as  the  result  of  a  mechanical  necessity,  occasioned  by  the 
penetrability  of  the  walls  of  the  capillaries,  by  the  rapidity  of  the.  move- 
ment of  the  blood  in  them,  and  by  the  physical  and  chemical  constitu- 
tion of  the  blood  flowing  through  the  capillaries.  According  to  the 
differences  in  the  above-named  causes,  the  transudations  will  also 
have  a  different  composition ;  they,  however,  contain  the  same  che- 
mical constituents  as  the  liquor  sanguinis,  only  in  different  propor- 
tions. Their  pliysical  properties  hence  agree  in  general  with  the 
latter  fluid;  whether  normal  or  abnormal  and  in  excess,  they  are 
colorless,  transparent,  of  insipid  slightly  saltish  taste,  alkaline  reac- 
tion, and  always  of  less  specific  gravity  than  the  liquor  sanguinis. 
Morphotic  constituents  are  rare  in  the  transudations ;  epithelial  cells, 
molecular  granules,  and  cytoid  corpuscles,  are  merely  accidental 
constituents  in  them.  Eed  blood-corpuscles  cannot  well  pass  into 
a  transudation  without  partial  laceration  of  the  capillaries ;  if  they 
are  found,  we  have  no  longer  the  simple  process  of  transudation  to 
deal  with.  The  entire  liquor  sanguinis  as  such  never  passes  into 
the  transudations ;  as  in  the  permeation  of  the  capillary  walls  by  the 
fluid,  one  constituent  of  the  liquor  sanguinis  passes  more  readily 
than  another,  and  water  the  most  readily  of  all,  the  consequence 
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must  always  be  that  the  transudation  will  contain  far  less  of  solid 
constituents  than  the  liquor  sanguinis.  As,  then,  animal  membranes 
are  penetrated  more  easily  by  the  soluble  salts  and  so-called  ex- 
tractive matters  of  the  liquor  sanguinis  than  by  albumen ;  and, 
again,  by  albumen  more  easily  than  by  fibrin,  we  always  find  in 
the  transudations  more  salts,  relatively  to  the  albumen,  than  in  the 
liquor  sanguinis,  and  fibrin  only  in  extremely  small  quantities,  or 
not  at  all. 

Fibrin,  which  is  wholly  wanting  in  normal  transudations,  occurs 
in  those  excessive  secretions  of  serous  membranes  which  have  been 
termed  hydrops  fibrinosus.  It  forms  generally  a  loose  gelatinous 
coagulum,  and  is  otherwise  identical  with  blood-fibrin ;  its  quantity 
in  the  transudation  is  always  far  less  than  in  the  liquor  sanguinis. 
Like  the  fibrin,  the  albumen  of  transudations  does  not  differ  from 
that  contained  in  the  blood ;  but  a  portion  of  the  albumen  of  trans- 
udation is  often  precipitated  by  acetic  acid,  and  only  imperfectly 
separated  by  boiling,  so  that,  on  evaporation  of  the  fluid,  casein-like 
films  form  on  the  surface.  We  know  that  these  peculiarities  belong 
to  the  albuminate  of  soda ;  they,  therefore,  prove  merely  that  there 
is  a  more  basic  albuminate  contained  in  the  transudation  than  in 
the  blood.  The  quantity  of  albumen  in  the  transudations  is  exceed- 
ingly various ;  it  is  even  wanting  in  the  aqueous  humor,  in  the 
liquor  amnii,  in  the  fluids  of  the  ventricles  of  the  brain,  and  of  the 
spinal  marrow.  It  has  been  attempted  to  ascertain  determinate 
causes  for  this  difference  in  the  proportions  of  albumen  in  the 
transudations.  In  the  first  place,  it  appears  that  the  quantity  of 
albumen  depends  on  the  system  of  cajnllaries  from  which  the  transuda- 
tion has  arisen.  This  proposition  is,  indeed,  established  upon  but 
few  investigations;  but  the  facts  presented  indicate  that,  under 
similar  conditions,  different  capillary  systems  allow  different  quan- 
tities of  albumen  to  pass  through.  The  fluid  of  the  ventricles  of  the 
brain  contains  accordingly  least  albumen  (about  0.5  per  cent.),  that  ■ 
of  the  peritoneum  much  more  (1.0  per  cent.),  and  that  of  the  pleura 
the  most  (1.8  per  cent.).  It  is  not  hence  to  be  inferred  that,  under 
different  circumstances,  the  quantity  of  albumen  of  the  transudation 
from  one  set  of  capillaries  is  always  restricted  to  the  same  figure ; 
but  only  that,  when  under  similar  conditions  excessive  transuda- 
tions take  place  from  several  serous  membranes,  this  proportion  is 
shown  between  the  quantities  of  albumen  in  the  transudations  of 
the  different  capillary  groups.     Another  proposition  which  may  be 
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drawn  from  the  facts  thus  far  presented  is,  that  the  slower  the  current 
of  blood  in  the  capillaries,  the  richer  is  the  transudation  in  albumen. 
Thus,  e.  g.,  more  albumen  is  found  in  the  peritoneal  transudations, 
when  they  depend  upon  large  tumors,  than  when  a  lesser  dis- 
turbance of  the  circulation  in  the  abdomen  is  occasioned ;  for  in- 
stance, by  disease  of  the  liver,  with  contraction  of  its  parenchyma, 
&c.  Thus,  also,  more  albumen  is  found  in  the  transudation  in  acute 
than  in  chronic  hydrocephalus. 

The  proportion  of  albumen  in  the  transudation  is  also  always  de- 
pendent upon  the  proportion  of  albumen  in  the  blood.  The  poorer  the 
blood  in  albumen,  the  less  the  quantity  of  albumen  in  the  transuda- 
tion ;  hence,  in  Bright's  disease,  when  the  blood  is  deprived  of  so 
much  albumen  by  the  kidneys,  the  transudations  become  very  defi- 
cient in  this  substance.  All  dropsical  fluids  which  depend  upon 
disturbances  in  the  current  of  the  blood  are,  on  this  account,  richer 
in  albumen  than  those  depending  upon  hydraemia,  i.  e.,  an  exces- 
sively watery  condition  of  the  blood.  True  casein  has  not  been 
as  yet  detected  in  the  transudations.  It  has  been  already  stated 
that  the  extractive  matters  are  contained  in  larger  quantity  in  the 
transudations  than  in  the  corresponding  liquor  sanguinis :  it  is  also 
to  be  remarked  that  older  transudations,  as  in  hydrops  saccatus, 
usually  contain  far  more  of  these  substances  than  fresh  transuda- 
tions. The  extractive  matters  are,  however,  very  variable  in  quan- 
tity in  the  transudations.  They  contain  but  little  more  of  saponi- 
fiable  and  saponified  fats  than  the  corresponding  liquor  sanguinis; 
but  the  group  of  capillaries,  from  which  the  transudation  has  arisen, 
appears  also  to  influence  its  amount  of  fat;  at  least  the  fluids  transuded 
from  the  capillaries  of  the  ventricles  of  the  brain,  the  pericardium, 
and  the  subcutaneous  areolar  tissue,  are  very  deficient  in  them. 
G holes terin  generally  occurs  in  larger  quantities  in  these  fluids  than 
the  fats  and  salts  of  fat  acids.  Occasionally  (particularly  in  hydro- 
cele) such  quantities  of  cholesterin  are  found  in  old  transudations 
that  the  fluid  resembles  an  emulsion  of  cholesterin  crystals.  The 
resinoid  acids  of  the  bile,  as  also  bile-pigment,  are  found  in  transudations 
only  when  associated  with  hepatic  derangements.  Sugar  is  found 
principally  in  normal  transudations  in  diabetes;  but  the  liquor 
amnii  also  usually  contains  this  substance.  Urea  is  always  found  in 
transudations,  as  it  is  more  easily  diffused  than  the  salts  of  the 
blood:  it  has  even  been  found  in  the  aqueous  humor.  It  is,  of 
course,  to  be  expected  that  it  would  exist  in  greater  amount  in  the 
transudations  in  Bright's  disease,  in  which  it  is  found  in  appreciable 
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quantities  in  the  blood.  It  is  probable  that,  in  the  transudations, 
hippuric  acid,  creatin,  creatinin,  &c,  also  exist,  but  this  has  not  been 
specially  proved :  creatin  has  been  found  only  in  the  liquor  amnii. 
Lactates,  also,  have  not  been  detected  with  certainty  in  normal 
transudations.  It  has  been  already  mentioned  that,  among  the  con- 
stituents of  the  liquor  sanguinis,  the  (soluble)  salts  transude  most 
easily ;  and  that,  on  this  account,  they  are  found  most  abundantly 
in  the  transudations  in  proportion  to  the  organic  constituents ;  but 
their  quantity  in  the  latter  is  always  less  than  in  the  liquor  san- 
guinis, for  the  simple  reason  that  the  water  of  the  blood  transudes 
more  readily  than  these  soluble  salts.  Watery  blood  is,  as  shown 
above,  always  richer  in  salts  than  normal  blood.  The  richer  the 
blood  is  in  salts,  the  more  of  them  are  found  in  the  transudations ; 
but  their  proportion  in  the  latter  is  always  somewhat  less  than  that 
in  the  liquor  sanguinis.  This  rule  has  but  one  exception,  viz:  when 
a  large  portion  of  the  constituents  of  the  blood,  especially  albumen 
(in  Bright's  disease),  pass  off  by  the  kidneys ;  for  then  the  quantity 
of  salts  in  the  solid  residue  of  the  transudation  may  exceed  that  of 
the  organic  matters. 

Whether  the  secretions  of  the  intestinal  capillaries,  as  they  ap- 
pear after  drastic  cathartics  or  in  cholera,  are  to  be  reckoned  among 
the  simple  transudations,  is  very  questionable,  as  different  physical 
laws  appear  to  be  here  in  force ;  for  the  composition  of  the  liquor 
sanguinis  stands  in  inverse  proportions  here  to  that  of  the  transuda- 
tion, as  compared  with  the  above-mentioned  transudation  processes. 
That  is,  while  we  saw  the  transudations  taking  place,  as  the  blood 
became  at  the  same  time  more  watery,  richer  in  salts,  and  poorer  in 
albumen,  we  find  here  that  the  blood  becomes  much  poorer  in  water, 
poorer  in  salts,  but  much  richer  in  albumen. 

In  the  transudations,  as  in  the  intercellular  fluid  of  the  blood,  the 
chlorine  and  sodium  compounds  predominate  over  the  other  soluble 
salts  of  the  blood.  The  transudations  of  the  choroid  plexus  of  the 
ventricles  of  the  brain  alone  form  an  exception  to  this;  in  these,  the 
phosphates  and  potassium  compounds  prevail;  the  fluid  of  the  ven- 
tricles is,  hence,  not  to  be  reckoned  among  the  transudations  (in  the 
narrower  meaning  of  the  term).  Ammonia  salts  are  not  to  be  de- 
tected in  normal  and  recent  transudations;  but,  when  urea  is  con- 
tained in  the  blood  and  transudations,  a  little  ammonia  is  also  found 
usually.  Like  all  animal  fluids,  without  exception,  the  transuda- 
tions also  contain  gases,  carbonic  acid,  oxygen,  and  nitrogen,  in 
solution,  although  in  small  quantities. 
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THE  MILK. 


The  milk  of  all  the  mammalia  is  white  (sometimes  with  a  slight 
tendency  to  bluish,  sometimes  to  yellowish),  slightly  translucent, 
odorless,  of  a  weak  sweetish  taste,  and  mostly  alkaline  reaction; 
specific  gravity  between  1.028  and  1.045.  It  is  well  known  that, 
when  milk  stands  at  rest  for  some  time,  a  yellow  layer  abounding 
in  fat  separates  on  the  surface,  while  the  fluid  below  it  becomes 
bluish-white,  and  specifically  heavier.  Milk  does  not  coagulate  by 
boiling,  but  forms  on  its  surface  a  film  of  coagulated  casein  mingled 
with  fat-globules.  If  it  is  brought  into  contact  with  the  mucous 
membrane  of  the  calf's  stomach  (called  rennet)  for  some  time,  at  a 
moderate  temperature,  it  coagulates,  whether  alkaline  or  acid  in  its 
reaction.     Human  milk  always  has  an  alkaline  reaction;  that  of 

Fig.  15. 


Fat  globules  and  colostrum-corpuscles  of  human  milk. 

carnivora,  acid;  that  of  herbivora,  generally,  alkaline  (in  the  cow, 
horse,  and  sheep,  after  being  fed  in  the  stall  on  green  fodder,  the 
milk  has  been  noticed  to  become  acid).  It  presents  itself  under  the 
microscope  as  a  clear  fluid,  in  which  an  innumerable  quantity  of 
fat-globules,  the  so-called  milk-globules,  appear  in  suspension ;  the 
size  of  the  latter  varies  usually  between  0.0012  of  a  line  and  0.0018 
of  a  line,  while  some  are  larger,  some  smaller.  That  these  fat- 
globules  are  surrounded  by  a  special  cell-membrane,  may  be  con- 
cluded partly  from  their  becoming  much  distorted  under  the 
microscope  when  a  little   acetic   acid  is   added  to  the  milk,  and 
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partly  from  the  fact  that  the  milk  does  not  lose  its  emulsive  cha- 
racter on  being  agitated  with  ether  alone;  while,  when  a  little 
caustic  potassa  (which  dissolves  the  cell-membrane)  is  also  added,  it 
becomes  transparent  and  almost  as  clear  as  water  by  agitation  with 
ether  (which  then  takes  up  all  the  fat).  The  colostrum-corpuscles, 
corps  granuleux,  irregular  conglomerations  of  fat-granules,  held 
together  by  an  amorphous,  albuminous  substance  of  0.0063  of  a  line 
to  0.0232  of  a  line  in  diameter,  without  nuclei  and  without  special 
cell-membranes,  occur  not  only  in  the  colostrum  (up  to  the  third 
or  fourth  day  after  delivery,  occasionally  even  to  the  twentieth),  but 
always  occur  when  the  milk  secretion  is  disturbed  by  any  patho- 
logical condition.  Epithelial  cells,  mucous  corpuscles,  fibrinous 
clots,  blood-corpuscles,  infusoria  ( Vibrio  bacillus),  and  byssus  (blue 
milk),  are  rare  admixtures,  purely  accidental,  or  caused  by  patho- 
logical affections  of  the  mammary  glands. 

The  chemical  constituents  of  the  milk  are  the  following: — 
Of  casein,  there  is  found  in  the  normal  milk  of  women  3.1  to  3.5 
per  cent. ;  in  colostrum,  about  4  per  cent. ;  in  the  milk  of  the  cow, 
3  to  4  per  cent. ;  in  that  of  the  goat,  4.5  to  6.3  per  cent. ;  in  that  of 
the  ass,  only  2  per  cent.;  in  that  of  the  bitch,  8.3  to  13.6  per  cent. 
After  animal  food  more  casein  is  found  in  the  milk  than  after  vege- 
table diet.  The  fats  have  been  examined  thoroughly  only  in  cow's 
milk.  The  pure  milk  fat  is  almost  colorless,  or  very  slightly  yel- 
lowish, solidifies  after  being  melted  at  80°,  but,  in  so  doing,  rises  in 
temperature  to  85°;  it  consists  of  about  68  per  cent,  of  margarin,  30 
per  cent,  of  olein,  and  2  per  cent,  of  a  mixture  of  fats,  which,  upon 
saponification,  or  becoming  rancid,  yields  butyric,  caproic,  caprylic, 
and  capric  acids  (occasionally  vacciuic  acid  is  formed  instead  of  bu- 
tyric and  caproic  acids).  According  to  later  investigations,  the  solid 
fat  of  butter,  which  was  previously  regarded  as  simply  margarin, 
consists  of  four  different  neutral  fats,  which  yield,  by  saponification, 
four  solid  fat  acids,  differing  from  each  other  by  C4H4,  viz:  myristic 
acid,  C28II2804;  palmitic  acid,  C32I[3204;  stearic  acid,  C36H3604; 
and  butic  acid,  C40  H40  04.  In  the  milk  of  women,  from  2.5  to  4.3 
per  cent,  of  fat  is  found;  in  that  of  cows,  on  the  average,  4.5  per 
cent.;  in  that  of  mares,  6.95  per  cent.;  in  that  of  asses,  1.25  per 
cent.;  in  that  of  sheep  and  goats,  4  per  cent.;  in  that  of  bitches,  11 
per  cent.;  in  the  colostrum  of  women,  5  per  cent.;  in  that  of  cows, 
2.6  per  cent.  It  is  a  remarkable  fact  that  the  portions  of  milk  drawn 
at  first  from  the  breasts  or  udders  are  much  poorer  in  fat  than  those 
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flowing  afterwards.  That  the  nature  of  the  food  has  an  influence 
over  the  proportion  of  fat  in  the  milk,  results  from  several  experi- 
ments, but  is  not  specially  demonstrated.  It  is  further  established 
that  in  diseases  the  proportion  of  fat  in  the  milk  decreases.  Lactin 
is  found  in  the  milk  of  women  from  3.2  to  6.2  per  cent.;  in  that  of 
cows,  3.4  to  4.3  per  cent.;  in  that  of  asses,  4.5  per  cent.;  in  that  of 
mares,  8.,7  per  cent.;  in  that  of  goats  and  sheep,  4.3  per  cent.  The 
milk  of  bitches  contains,  under  animal  diet,  often  only  traces  of 
lactin.  The  colostrum  of  women's  milk  contains  about  7  per  cent, 
of  it.  The  salts  of  the  milk  consist  principally  of  chlorides  of 
sodium  and  potassium,  and  phosphates  of  the  alkalies,  lime,  and 
magnesia,  besides  the  alkali  which  is  combined  with  the  casein. 
Sulphates  and  ammonia  salts  are  wholly  wanting  in  the  milk.  In 
the  ash  of  milk,  the  amount  of  insoluble  phosphates  preponderates 
over  that  of  all  the  soluble  salts.  In  women's  milk  there  are  con- 
tained 0.04  to  0.09  per  cent,  of  soluble  salts;  in  cow's  milk,  together 
with  0.21  per  cent,  of  soluble,  0.28  per  cent,  of  insoluble  salts;  in 
that  of  bitches,  under  animal  diet,  0.45  per  cent,  of  soluble,  and  0.57 
of  insoluble  salts.  Lactic  acid  is  never  found  in  alkaline  milk.  The 
acid  reaction  of  some  kinds  of  milk  may  often  (e.  g.  in  that  of  car- 
nivora)  depend  upon  the  acid  phosphates  of  the  alkalies.  Albumen 
has  been  detected  only  in  inflammatory  affections  of  the  mammary 
glands.  The  presence  of  albumen  cannot  be  concluded  from  the 
coagulation  of  milk  by  heat;  for  the  contents  of  the  lactiferous 
ducts  out  of  the  period  of  suckling,  the  colostrum  of  cows,  and  the 
milk  of  bitches,  deposit,  on  heating,  a  coagulum  which  is  by  no 
means  identical  with  albumen.  Urea  is  only  found  in  the  milk  in 
Bright's  disease.  It  is  proved  that  iodide  of  potassium  may  pass  into 
the  milk ;  no  reliable  investigations  have  been  presented  as  to  other 
substances. 

With  reference  to  the  analysis  of  the  milk,  it  is  only  necessary 
to  remark  that  it  is  not  sufficient,  for  an  exact  determination  of 
the  amount  of  fat,  to  evaporate  the  milk  and  extract  with  ether,  as 
the  latter  never  exhausts  all  the  fat  from  such  a  solid  milk  residue. 
On  this  account,  the  method  is  to  be  commended  of  acting  upon 
the  milk,  previously  to  evaporation,  with  a  certain  quantity  of 
sulphate  of  lime;  this  has,  at  the  same  time,  the  advantage  of  pre- 
cipitating the  casein,  and  avoiding,  in  the  evaporation  of  the  milk, 
the  otherwise  unavoidable  bubbling  and  spirting ;  the  residue  also 
dries  much  more  quickly.     That  the  constitution  of  body,  the  tern- 
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perament,  the  nourishment,  and  other  external  circumstances,  are  of 
decided  influence  upon  the  quantity  of  milk  secreted,  scarcely  needs 
mentioning.  According  to  several  experiments,  a  healthy  nursing 
woman  is  able  to  discharge  in  twenty -four  hours,  from  both  breasts, 
about  1,300  grammes  [or  nearly  2  lbs.  14  ozs.]  of  milk.  A  cow 
affords,  on  the  average,  6  kilogrammes  of  milk  [or  nearly  13  lbs. 
4  ozs.]  in  twenty -four  hours.  Hence,  a  nursing  woman  secerns  of 
milk,  during  twenty-four  hours,  22  grains  for  every  1,000  grains 
of  her  weight;  a  cow  only  10.4  grains. 


THE  SEMEN. 

The  seminal  fluid,  with  which  the  secretion  of  the  prostate  is 
usually  mingled,  forms  a  mucous,  viscid,  opalescent,  colorless  mass, 
becoming  slightly  yellowish  on  drying,  is  of  peculiar  odor,  con- 
siderably heavier  than  water,  neutral,  or  slightly  alkaline.  When 
recent,  it  is  gelatinous,  but  after  some  time  becomes  liquid.  It 
forms  with  water  a  slimy  sediment;  alcohol  coagulates  it,  but  a 
boiling  heat  does  not.  It  is  obtained  usually  from  the  vas  deferens 
or  the  seminal  vesicles  of  animals  while  in  heat;  but  the  quantities 
thus  collected  are  only  sufficient  for  microchemical  investigations. 
For  chemical  researches  of  the  semen,  the  fluid  expressed  from  the 
testicles  of  animals  has  been  made  use  of.  The  most  peculiar  mar- 
photic  elements  of  the  semen  are  the  so-called  spermatic  filaments,  sper- 
matozoids ;  they  have,  in  different  animals,  nearly  similar,  although 
distinguishable,  forms:  they  consist  of  a  round,  oval,  or  pyriform 
head,  from  which  proceeds  a  long,  gradually  tapering  filament.  In 
human  spermatozoids,  the  head  has  a  breadth  of  0.0007  to  0.0013  of 
a  line,  and  a  length  of  0.0019  to  0.0025  of  a  line;  the  filament,  a 
length  of  0.018  to  0.020  of  a  line.  The  spermatozoids  are  with 
difficulty  destroyed  by  fermentation;  they  are  dissolved  only  by 
concentrated  solutions  of  carbonates  of  the  alkalies;  they  consist  of 
a  protein  substance,  which  leaves,  on  incineration,  a  large  quantity 
of  ash  Yery  rich  in  phosphates ;  besides  this,  they  CQntain  about  4 
per  cent,  of  a  soft,  buttery  fat.  Besides  the  spermatozoids,  we  find 
in  the  semen  the  following  form-elements:  epithelia,  prostatic  and 
mucous  corpuscles,  and  finely-granular  pale  molecules,  with  sharp 
contours,  the  seminal  granules  of  the  size  of  0.0016  to  0.0100  of  a 
line.     The  fluid  surrounding  these  form-elements,  which  is  in  great 
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measure  derived  from  the  glands  of  Cowper,  the  seminal  vesicles, 
and  the  prostate,  gelatinizes  after  its  emission ;  the  gelatinizing  sub- 
stance, spermatin,  resembles  mucus  more  than  fibrin;  it  does  not 
coagulate  by  boiling,  by  drying  becomes  insoluble  in  water,  is  dis- 
solved by  diluted  alkalies,  and  precipitated  again  by  concentrated 
alkalies;  it  is  precipitated  by  acetic  acid,  but  redissolved  in  an 
excess ;  it  is  soluble  in  concentrated  nitric  acid.  Among  the  salts 
of  the  semen,  phosphates  of  lime  and  magnesia  are  found  to  pre- 
ponderate ;  besides  these,  we  find  much  chloride  of  sodium,  and  also 
phosphates  of  the  alkalies.  In  the  recognition  of  semen  in  doubtful 
cases,  the  microscope  is  most  useful,  as  the  spermatic  filaments  are 
preserved  tolerably  long  in  the  urine  and  on  being  dried ;  by  care- 
fully moistening  the  dried  semen,  scraping  it  from  the  tissue  on 
which  it  is  found,  and  agitating  it  in  water,  unchanged  spermatic 
filaments  are  always  found  with  the  microscope.  Seminal  stains 
upon  linen  or  other  fabrics  are  also  distinguished  from  all  similar 
spots  by  becoming  tawny  yellow  when  moderately  heated  for  one 
or  two  minutes. 

THE  FLUIDS  OF  THE  OVUM. 

By  the  fluids  of  the  ovum  we  understand  here  only  the  fluids  of 
the  unincubated  or  undeveloped  ovum — i.  e.  the  yolk  and  the  albu- 
minous layer  which  surrounds  the  yolk,  especially  of  birds.  (Notice 
is  elsewhere  taken  of  the  fluids  of  the  developed  ovum,  the  liquor 
amnii  and  liquor  allantoidis,  the  vernix  caseosa,  and  gelatin  of 
Wharton — Transudations,  Urine,  Secretion  of  the  Skin,  Mucus.) 

The  yolk  has  been  minutely  investigated  only  in  fowls  and  fishes; 
it  forms  a  soft,  thick,  slightly  translucent,  sometimes  yellowish-red, 
sometimes  sulphur-yellow  fluid,  without  smell,  of  feeble  but  pecu- 
liar taste;  when  mixed  with  water,  it  forms  a  white  emulsive  fluid, 
restores  reddened  litmus,  hardens  on  boiling  to  an  easily  pulverized 
mass,  is  coagulated  by  cold  alcohol,  gives  to  ether,  on  being  agitated 
with  it,  only  a  reddish,  amber-colored  fat,  while  a  white,  viscid  mass 
subsides.  Under  the  microscope,  there  are  seen  among  the  ex- 
tremely fine  granules,  too  small  for  measurement,  yolk  globules 
(Dotterkilgelchen)  and  fat  globules,  of  various  sizes;  the  latter  are  disv 
tinguished  generally  by  their  less  intensely  yellow  color.  The  yolk 
globules  are  inclosed  by  a  membrane,  which  appears  as  if  strewed 
over  with  granules.     When  the  yolk  fluid  is  acted  upon  by  sal 
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ammoniac  or  other  salts  of  the  alkalies,  the  granules  suspended  in 
it  disappear  entirely,  leaving  glistening,  sharply  denned  fat-globules, 
together  with  the  distorted  yolk  cells,  which  have  become  oval, 
cucumber,  or  spindle-shaped;  a  finely  granulated  membrane  is  still 
recognized  in  the  latter.  Diluted  acetic  acid  also  distorts  the  yolk- 
cells,  without,  however,  dissolving  the  suspended  molecular  granules. 
In  the  eggs  of  fishes  and  amphibia  there  are  also  found  by  the  mi- 
croscope the  so-called  yolk  laminae,  generally  of  a  quadrangular 
shape,  often  in  layers.  These  are  not  fat,  as  they  are  insoluble  in 
alcohol  and  ether ;  are  stained  yellow  by  nitric  acid ;  in  other  acids, 
swell  up  and  fall  into  several  pieces.  So  far  as  we  at  present  know, 
the  spherical  cell-like  bodies  of  the  yolk  consist  mainly  of  fat,  and 
contain  especially  phosphoretted  fat  (glycero-phosphoric  acid?)  and 
yolk-pigment. 

The  quantity  of  the  cell-membranes  of  the  yolk  globules  amounts 
to  about  0.5  per  cent,  of  the  yolk.  The  fine  molecular  granules  of 
the  yolk  fluid  are  nothing  more  than  casein  poor  in  alkali,  which  is 
readily  dissolved  in  salts  of  the  alkalies.  Their  quantity  amounts 
to  about  14  per  cent,  of  the  yolk  fluid.  Albumen,  containing  but 
little  alkali,  is  really  in  solution  in  the  yolk  fluid — to  the  extent, 
however,  of  only  3  per  cent.  The  mixture  of  casein  and  albumen 
contained  in  the  yolk  was  formerly  called  vitellin  (see  p.  111).  The 
fats  of  the  yolk  have  not  as  yet  been  sufficiently  examined;  they 
consist  principally  of  margarin  and  olein;  with  these  another  body 
presents  itself,  which,  from  its  high  melting  point  and  crystalline 
form  (rhombic  plates),  is  usually  held  to  be  cholesterin,  but  it  does 
not  appear  to  be  fully  identical  with  the  latter ;  besides  this,  a 
viscid,  gelatinous  substance  has  been  separated,  lecithin  and  cerebrin, 
also  not  sufficiently  studied ;  from  the  latter  substance  the  glycero- 
phosphoric  acid  detected  in  the  yolk  may  be  formed.  The  quantity 
of  all  the  substances  which  may  be  extracted  by  ether  from  the 
yolk  residue  forms  about  30  per  cent,  of  the  yolk  fluid.  The  pig- 
ments of  the  yolk  have  not  yet  been  sufficiently  investigated;  we 
only  know  that  a  yellow  and  a  red  pigment  exist  in  it,  and  that  the 
one  or  the  other  contains  iron.  Among  the  viineral  substances  of 
the  yolk  the  potassium  compounds  and  phosphates  predominate; 
%  chlorine  and  sodium  are  found  in  the  yolk  ash  only  in  very  minute 
quantities.  The  ash  contains  67  to  70  per  cent,  of  phosphoric  acid 
alone;  hence  the  phosphates  contained  in  the  yolk  must  be  mono- 
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basic.  Of  inorganic  matters,  1.5  per  cent,  are  also  contained  in  it. 
The  proportion  of  water  in  the  yolk  of  fresh  eggs  is  somewhat 
variable ;  it  ranges  from  48  to  55  per  cent.  The  eggs  of  fowls  con- 
tain, on  the  average,  15.2  grammes  of  yolk  and  23.9  grammes  of 
white.  The  eggs  of  fish  which  do  not  possess  a  coat  of  white  con- 
tain the  same  constituents  as  those  of  fowls,  and  in  nearly  the  same 
proportions. 

The  white  (albumen)  of  the  egg  of  fowls  is  by  no  means  amor- 
phous under  the  microscope :  besides  chalazse,  and  perfectly  struc- 
tureless basement  membrane,  there  are  found  here  and  there 
corpuscles  projecting  in  three  or  four  points,  or  aggregations  of 
extremely  fine  needles.  The  cell-membranes  are  the  principal  occa- 
sion of  the  gelatinous  condition  of  the  white  of  the  egg.  The  albu- 
men of  the  white  of  eggs  is,  in  great  measure,  combined  with  soda ; 
it  amounts  to  nearly  12.5  per  cent,  of  the  fresh  white  of  egg.  The 
aggregations  of  needles  are  margarin ;  together  with  this,  olein  is 
found  in  the  white  of  egg,  as  also  oleate  and  margarate  of  soda. 
Grape  sugar  is  found  in  the  white  both  of  unincubated  and  incubat- 
ed eggs  ;  its  quantity  amounts  to  0.5  per  cent.  Among  the  mineral 
constituents  of  the  albumen,  the  soluble  salts  preponderate ;  while  in 
the  ash  of  the  yolk  the  reverse  proportion  exists.  Of  chlorides  of 
the  metals  over  50  per  cent,  are  found  in  the  ash ;  phosphates  exist 
only  in  small  quantities,  as  also  potassium-compounds ;  the  soda  is 
partly  combined  with  carbonic  acid.  A  little  silica  is  found  in  the 
white  as  well  as  in  the  yolk.  Fresh  white  contains,  on  the  average, 
0.66  per  cent,  of  mineral  substances.  The  quantity  of  water  in  the 
white  ranges  between  82  and  88  per  cent. 

MUCUS. 

This  fluid,  proceeding  from  the  so-called  mucous  membranes, 
forms  in  the  normal  state  a  viscid  mass,  capable  of  being  drawn 
into  threads,  and  consisting  of  a  pellucid,  cohesive  fluid,  and  a 
great  number  of  morphotic  elements,  principally  epithelial  cells. 
Even  normal  mucus  exhibits  many  differences,  according  to  the 
mucous  membrane  from  which  it  is  derived,  both  with  regard  to  its 
morphotic  elements  and  its  chemical  reaction. 

The  epithelial  cells  of  mucus  belong,  according  to  the  histological 
nature  of  the  secreting  surface,  to  the  pavement,  cylinder,  or  ciliated 
epithelium.  Their  amount  is  so  great  in  normal  mucus  that  the 
11 
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intercellular  fluid  can  hardly  be  distinguished,  to  say  nothing  of  its 
being  separated  from  them.  (Under  the  Horny  Tissues  of  the  Ani- 
mal Organism  we  shall  speak  of  the  chemical  nature  of  the  epithe- 
lia.)  Mucous  corpuscles,  cytoid  molecules,  resembling  the  colorless 
blood-cells  and  pus-cells,  occur  in  all  normal  mucus,  although  often 
very  sparingly.  They  increase  in  even  slight  irritations  of  the 
mucous  membranes,  and  become  so  numerous  in  greater  (the  so- 
called  catarrhs)  that  the  mucus  appears,  under  the  microscope,  to  be 
almost  wholly  composed  of  them.  (We  shall  examine  more  closely 
their  chemical  nature  under  "  Exudation,"  in  considering  the  cytoid 
corpuscles.)  Coagula  of  fibrin  and  blood-corpuscles  are  found  in  the 
secretion  only  in  exudatory  (croupy)  inflammations  of  the  mucous 
membranes.     There  are  often  found  in  mucus  granular  masses  and 
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Mucus  and  pus-corpuscles,  epithelial  cells,  and  blood-discs,  from  vaginal  mucus. 

granular  cells  (so  called  inflammation- globules),  especially  in  catarrhs 
or  croupy  inflammations  of  the  air-passages.  Fat-globules  are  sel- 
dom found  in  mucus.  Molecular  granules  are  found  in  mucus, 
especially  in  diseases  which,  like  tuberculosis,  cancer,  typhus,  inter- 
fere with  the  entire  tissue-metamorphosis  of  the  body.  From  the 
glandular  organs,  which  discharge  upon  the  surfaces  of  mucous 
membranes,  different  species  of  cell-formation  pass  into  some  kinds 
of  mucus.  Vibriones  and  microscopical  fungous  growths  occur 
accidentally  in  stagnant  mucus. 

The  principal  peculiarities  of  mucus  are  due  to  a  substance  dis- 
solved or  swollen  up  in  it,  mucosin,  mucin,  a  substance  as  yet  but 
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little  known,  chemically  speaking,  since  the  mucous  fluid  can  only 
seldom,  and  then  in  abnormal  cases,  be  obtained  free  from  epithelial 
cells  and  other  formations.     This  mucosin,  which  sometimes  dis- 
solves entirely  in  water,  at  others  only  swells  up,  does  not  coagulate 
by  heat.     Alcohol  causes  it  to  separate  in  flocculi  or  threads,  which, 
however,  resume  their  previous  properties  on  being  washed  with 
water.     It  is  precipitated  by  acids,  even  by  dilute  acetic  acid,  but 
is  redissolved  in  concentrated  acids.     The  differently  proportioned 
combinations  with  alkali,  in  which  mucosin  is  found,  may  occasion 
the  differences  of  its  properties :  thus  its  being  separated  from  some 
mucus  in  threads  by  water  may  depend  upon  the  withdrawal  of  its 
alkali.     Albumen  is  not  contained  as  such  in  normal  mucus,  but 
occurs  whenever  the  mucous  membrane  becomes  inflamed.     Fat  is 
but  slightly  contained  in  normal  mucus,  but  occurs  in  great  quan- 
tity in  catarrhal  conditions.     The  mucus  of  the  various  mucous 
membranes  reacts  sometimes  acid,  sometimes  alkaline.     The  normal 
reaction  is  so  much  the  less  to  be  ascertained,  as  probably  the  alkali 
in  the  one  case,  and  the  free  acid  in  the  other,  depend  upon  foreign 
admixtures.     Among  the  mineral  constituents  of  mucus,  chloride  of 
sodium  predominates ;  together  with  this,  there  are  found  in  the  ash 
principally  carbonated  alkalies  (the  bases  of  which  were  combined 
with  the  mucosin),  and  some  phosphates  and  sulphates  of  the  alka- 
lies, as  also  earthy  phosphates.    The  salts  of  mucus  amount  to  about 
0.7  per  cent.     Mucus  contains  88.2  to  95.6  per  cent,  of  water. 

THE  SALIVA. 

The  saliva  is  not  only  a  mixture  of  the  secretions  of  the  different 
salivary  glands,  but  the  secretion  of  the  oral  mucous  membrane 
also  actually  belongs  to  it.  This  mixed  saliva  is  hence  to  be  dis- 
tinguished from  the  secretions  formed  by  the  individual  glands.  It 
is  a  cloudy,  slightly  opalescent  fluid,  viscid,  and  capable  of  being 
drawn  into  threads,  without  smell  or  taste.  After  standing  some 
time,  a  grayish-white  precipitate  separates,  which  consists  of  pave- 
ment epithelia  and  some  mucous  corpuscles;  its  specific  gravity 
varies  in  man  from  1.004  to  1.006 ;  its  reaction  is  normally  alkaline. 
From  man,  pure  saliva  is  best  obtained  by  strongly  depressing  the 
lower  jaw,  and  irritating  the  gum  with  a  feather;  during  the  transient 
chokino-  that  ensues,  the  saliva  comes  from  the  mouth  in  jets.  It  is 
best  obtained  from  fasting  animals,  by  holding  before  them  their 
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favorite  food,  while  the  mouth  is  at  the  same  time  turned  aside.  The 
secretion  of  the  parotid,  which  can  only  be  obtained  from  artificial  or 
spontaneously  arisen  salivary  fistulas,  is  as  clear  as  water  and  color- 
less, without  odor  or  taste,  does  not  draw  into  threads,  of  a  spec, 
grav.  varying  between  1.0061  and  1.0088,  of  decidedly  alkaline 
reaction.  The  sum  of  the  solid  constituents  is  somewhat  variable : 
in  that  -of  man  there  have  been  found  from  1.4  to  1.6  per  cent. ;  in 
that  of  the  dog,  0.46  per  cent.;  in  that  of  the  horse,  0.7  to  1.1  per 
cent.  The  principal  organic  constituent  of  the  secretion  of  the  paro- 
tid is  a  substance,  SALiviN,_pfr/aZm,  combined  with  potassa,  soda,  or 
lime,  which  has  much  resemblance  to  an  albuminate,  but  is  by  no 
means  identical  with  it.  It  is  a  gelatinous  substance,  soluble  in 
water,  not  coagulable  by  heat.  Its  solution,  containing  alkali,  is  pre- 
cipitated by  basic  acetate  of  lead,  bichloride  of  mercury,  and  tannic 
acid,  but  not- by  alum,  sulphate  of  copper,  and  other  metallic  salts. 
This  substance  is  combined  in  part  with  lime,  which  it  yields  to 
carbonic  acid ;  hence  the  parotid  secretion,  originally  as  clear  as 
water,  becomes  cloudy  in  the  air,  like  lime-water.  Together  with 
this  material,  another  organic  substance  is  found,  which  is  soluble 
in  alcohol  and  water,  and  is  also  precipitated  by  tannic  acid,  but  not 
by  alum.  A  potash-salt  of  one  of  the  volatile  acids  belonging  to 
the  butyric  acid  group,  is  found  in  this  saliva.  Sulphocyanide  of 
potassium  is  usually,  but  not  always,  contained  in  it.  In  the  ash  of 
the  parotid  secretion  there  is  contained  much  chloride  of  potassium 
and  chloride  of  sodium,  not  a  little  carbonate  of  lime,  and  small 
quantities  of  phosphates. 

The  secretion  of  the  submaxillary  glands  is  a  colorless,  clear,  very 
viscid  fluid,  without  smell  or  taste;  specific  gravity  of  that  of  the 
dog  1.004;  reaction  less  strongly  alkaline  than  that  of  the  parotid 
secretion;  it  contains  the  same  constituents  as  that  just  described, 
only  with  less  lime  combined  with  the  organic  matter.  The  solid 
residue  of  this  secretion  has  been  found  to  be  0.855  per  cent. 

The  secretion  of  the  oral  mucous  membrane  is  very  viscid  and  ad- 
hesive, cloudy,  colorless,  generally  frothy,  rich  in  epithelial  cells,  of 
alkaline  reaction,  containing  about  1  per  cent,  of  solid  residue,  of 
which  0.62  per  cent,  is  organic  matter. 

In  human  mixed  saliva  there  are  found  0.35  to  1.00  per  cent,  of 
solid  constituents;  in  100  parts  of  the  solid  matter  there  are  found 
about  38  per  cent,  of  mineral  constituents,  principally  chlorides  of 
sodium  and  potassium.     Abnormal  constituents  occasionally  occur 
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in  it — e.  g.,  iodide  of  potassium  constantly  after  the  use  of  iodine ; 
occasionally,  also,  the  constituents  of  the  bile  pass  into  the  saliva ; 
sugar  very  seldom  does.  Whether  actual  albumen  is  ever  found  in 
it,  remains  still  doubtful.  Mercury  passes  into  the  saliva  only  when 
mercurial  salivation  has  occurred,  in  consequence  of  its  introduction 
into  the  organism  in  great  quantities.  In  an  abnormal  state,  the 
saliva  has  an  acid  reaction,  as  also  commonly  in  the  fasting  state ; 
after  the  reception  of  food,  especially  of  an  acid,  spiced,  or  indi- 
gestible kind,  it  usually  becomes  alkaline.  It  is  most  commonly 
found  acid  in  irritations  of  the  primae  vise,  and  in  diabetes  mellitus. 
The  nature  of  this  free  acid  must,  at  present,  remain  undecided. — 
The  concretions  which  are  occasionally  met  with  in  the  excretory 
.  ducts  of  the  salivary  glands,  the  so-called  salivary  calculi,  consist 
mainly  of  carbonate  of  lime,  some  phosphate  of  lime  and  magnesia, 
and  a  little  organic  matter. 

As  regards  the  quantity  of  saliva  secreted  within  a  given  time,  it  was 
previously  assumed  to  be,  in  an  adult  man,  3,334  to  4,877  grs.  in 
twenty-four  hours ;  later  experiments,  on  men  and  on  animals,  make 
these  figures  appear  too  small;  according  to  these,  23,151  grs.  may 
be  assumed  as  the  mean  quantity  secreted  by  adults  in  twenty-four 
hours.  The  amount  of  the  salivary  secretion  is  very  different  in 
every  little  period  of  time,  as  the  more  abundant  or  sparse  flow 
of  saliva  into  the  oral  cavity  is  dependent  on  very  different  causes. 
Dry  and  hard  food  induces  a  more  abundant  flow  of  saliva;  that 
which  is  moist  and  soft,  on  the  other  hand,  affects  the  salivary  secre- 
tion but  little.  Movement  of  the  lower  jaw— hence  chewing,  speak- 
ing, singing— increases  the  secretion.  Acid,  aromatic,  and  pungent 
substances  have  the  same  effect.  The  secretion  of  saliva  lasts,  more- 
over, for  some  time  after  the  use  of  nourishment.  The  more  saliva 
is  secreted  and  swallowed  or  ejected,  the  poorer  it  becomes  in  solid 
constituents;  the  organic  materials  diminish  more  than  the  mineral. 
The  function  of  the  saliva  is  as  much  mechanical  as  chemical. 
It,  especially  the  parotid  secretion,  serves  not  only  to  moisten 
thoroughly  the  dry  articles  of  the  food,  and  thus  render  them  acces- 
sible to  the  other  digestive  fluids,  but  also,  particularly  the  mucous 
secretion  of  the  submaxillary  glands,  to  render  the  morsels  slippery, 
and  so  to  aid  in  deglutition.  By  its  mucous  nature,  finally,  the 
saliva  may  be  useful  in  introducing  atmospheric  air  to  the  stomach 
and  alimentary  canal,  by  means  of  the  froth  formed  in  chewing. 
Like  the  mechanical,  the  chemical  function  of  the  saliva  is  various. 
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Its  most  striking  and  important  property,  in  this  respect,  is  its 
capability  of  changing  starch  into  sugar  in  a  very  short  time,  whether 
it  be  alkaline  or  acid  in  its  reaction.     It  is  worthy  of  remark  that 
the  secretion  of  the  parotids  does  not  possess  this  power,  either 
individually  or  when  mixed  with  the  mucus  of  the  mouth;  that  of 
the  submaxillary  glands,  also,  does  not  possess  it  alone,  but  does 
when  mixed  with  the  mucus  of  the  mouth.     Hence  the  parotid 
secretion  is  without  influence  on  the  formation  of  sugar  from  starch ; 
the  amylum  ferment  arises  only  by  the  union  of  the  secretion  of  the  sub- 
maxillary glands  and  the  mucus  of  the  mouth.     It  was  believed  that 
a  salivary  diastase — i.  e.  a  simple  chemical  body — would  be  detected, 
which  causes  the  transformation  of  starch  into  sugar  in  mixed  sa- 
liva; but  we  have  not  as  yet  succeeded  in  this.     This  capability  of. 
saliva  to  affect  the  amylacea  must  not  be  overrated,  as  results  from 
the  following  facts :  the  secretion  of  saliva  bears  no  relation  what- 
ever to  the  proportion  of  starch  in  the  food,  but  is  rather  in  an 
inverse  ratio  to  its  degree  of  moistness;  the  flow  of  saliva  is  very 
small  after  the  swallowing  of  thoroughly  moistened  amylacea  (e.  g. 
when  boiled,  or  rendered  pasty).     Further,  many  animals  which 
swallow  their  food  without  chewing  possess  only  rudimentary  sali- 
vary glands.     In  the  contents  of  the  stomach  we  often  find  very 
little  sugar,  occasionally  none,  after  the  use  of  amylaceous  food. 
Nature  has,  finally,  produced  in  the  pancreatic  and  intestinal  fluids 
far  more  powerful  means  for  the  conversion  of  starch  into  sugar  in 
the  intestine.     The  saliva  exerts  no  transforming  power  upon  other 
carbohydrates,  as  cane-sugar,  gum,  and  cellulose,  as  also  on  gluten; 
nor  upon  the  protein  bodies,  or  gelatin,  or  gelatin-yielding  sub- 
stances.    Whether  the  alkalinity  of  the  saliva  really  exercises  such 
great  influence  upon  the  acids  brought  into  the  stomach,  or  formed 
there,  as  has  been  ascribed  by  some  to  it,  must  be  determined  by 
more  exact  experiments.     A  so-called  dynamical  operation  has  also 
been  ascribed  to  the  saliva — i.  e.  it  was  thought  that  it  acted  as  a 
stimulus  to  the  stomach,  by  means  of  which  a  more  abundant  secre- 
tion of  gastric  juice  was  obtained,  and  the  process  of  digestion  very 
materially  assisted.  Direct  experiments  upon  animals  have  not  con- 
firmed this  opinion.     Finally,  so-called  passive  functions  have  been 
attributed  to  the  saliva,  in  virtue  of  which  it  supported  the  sense  of 
taste,  favored  the  expression  of  the  voice,  cleansed  the  mucous  mem- 
brane of  the  mouth,  and,  to  a  certain  degree,  quenched  thirst. 
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The  gastric  fluid,  when  pure,  is  clear,  liquid,  colorless  (at  most 
slightly  yellowish),  of  a  feeble,  peculiar  smell,  and  slight  salty  and 
acid  taste ;  a  little  heavier  than  water,  of  very  acid  reaction,  does 
not  coagulate  on  boiling,  but  does  slightly  on  neutralization  by  an 
alkali.  Like  most  acid  fluids,  the  gastric  juice  does  not  pass  readily 
into  putrefaction.  Morphotic  elements  are  but  rarely  found  in  it ; 
they  consist  partly  of  unaltered  cells  of  the  gastric  follicles,  partly 
of  their  nuclei,  and  partly  of  a  fine  molecular  matter.  The  gastric 
juice  may  be  obtained  pure,  excepting  the  constant  admixture  of  some 
saliva,  by  allowing  dogs,  in  which  artificial  fistula  has  been  induced, 
to  feed  on  easily-chewed  bones,  opening  the  fistula  in  the  course  of 
five  to  ten  minutes,  and  filtering  off  the  mucous  flakes  and  particles 
of  the  food  from  the  fluid  which  escapes.  If  we  wish  to  investigate 
the  gastric  juice  free  entirely  from  the  saliva,  the  oesophagus,  or  at 
least  the  salivary  ducts,  must  be  tied.  Formerly  animals  were 
caused  to  swallow  a  sponge  fastened  to  a  string ;  after  some  time 
the  sponge  was  withdrawn  by  means  of  the  string,  and  the  fluid 
expressed.  Afterwards  it  was  usually  obtained  by  killing  animals 
shortly  after  eating,  and  collecting  the  fluid  from  the  contents  of  the 
stomach.  The  gastric  juice,  when  filtered,  contains  but  few  solid 
constituents :  in  that  of  a  woman  there  has  been  found  (after  the 
abstraction  of  hydrochloric  acid)  0.517  to  0.562  per  cent. ;  in  that 
of  the  dog,  1.05  to  2.07  per  cent.;  in  the  solid  residue  there  are  con- 
tained about  63  per  cent,  of  organic  and  37  per  cent,  of  inorganic 
matters. 

The  organic  substances  of  the  gastric  juice  are  not  yet  sufficiently 
known.  We  only  know  that  an  organic  material  is  contained 
in  it,  to  which  principally  the  gastric  juice  owes  its  property  of 
dissolving  and  changing  into  uncoagulable  substances  (peptones) 
the  protein  bodies.  This  substance,  pepsin",  is  closely  related  to 
the  protein  bodies ;  it  does  not  coagulate  by  heat,  but  loses  its 
digesting  powers,  and  is  precipitated  by  bichloride  of  mercury, 
lead  salts,  alcohol,  and  tannic  acid.  Together  with  this  substance, 
there  is  also  found,  in  the  gastric  fluid,  an  organic  substance  soluble 
in  water  and  alcohol.  The  free  acid  of  the  gastric  fluid  is  partly 
hydrochloric,  partly  lactic  acid.  The  latter  is  often  wholly  wanting 
in  that  of  carnivorous   animals.      The  quantity  of  free  muriatic 
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acid  amounts,  on  the  average,  to  0.35  per  cent.,  that  of  the  free  lactic 
acid,  to  0.45  per  cent,  of  the  fluid.  In  that  of  a  woman  there  was  found, 
in  gastric  fluid  containing  saliva,  0.022  per  cent.,  and,  at  another 
time,  0.018  per  cent,  of  free  muriatic  acid  (without  lactic  acid).  In 
the  gastric  fluid,  which  is  obtained  shortly  after  the  partaking  of 
food,  free  muriatic  acid  is  usually  wholly  wanting ;  free  acid  is  then 
found,  but  this  consists  generally  of  lactic  and  butyric  acids  (arising 
principally  from  the  bread  and  meat).  Among  the  mineral  con- 
stituents of  the  gastric  fluid  the  chlorine  compounds  predominate. 
Besides  chloride  of  sodium,  there  are  found  small  quantities  of 
chloride  of  ammonium,  chloride  of  calcium,  and  chloride  of  magne- 
sium, together  with  traces  of  chloride  of  iron.  Phosphate  of  lime 
is  found  only  in  very  small  quantities,  while  phosphates  and  sul- 
phates of  the  alkalies  are  not  to  be  detected.  Under  peculiar  cir- 
cumstances, several  substances  may  pass  into  the  gastric  fluid  as 
accidental  constituents,  e.  g.,  iodide  of  potassium,  ferrocyanide  of 
potassium,  iron  salts,  urea.  Artificial  gastric  fluid  is  the  name  given 
to  the  fluid  obtained  by  treating  the  glandular  membrane  of  the 
stomach  with  dilute  muriatic  acid.  It  possesses  the  chief  pecu- 
liarity of  the  natural  gastric  fluid  of  changing  coagulated  protein 
bodies  into  soluble  substances. 

With  reference  to  the  amount  of  gastric  fluid  secreted,  by  several 
experiments  on  dogs  these  have  been  found  to  secrete,  in  twenty- 
four  hours,  ^  of  the  weight  of  their  body.  According  to  this,  an 
adult  human  being  would,  in  twenty -four  hours,  discharge  about 
14  J0  lbs.  of  fluid  into  the  stomach.  According  to  several  direct 
observations  on  a  woman,  as  much  as  one-fourth  of  the  weight  of 
the  body  has  been  found  to  be  secreted  as  gastric  fluid. 

The  function  of  the  gastric  fluid  is  evident  from  the  above-named 
property  of  dissolving  protein  bodies  and  substances  containing  or 
yielding  gelatin,  and  changing  them  into  easily-resorbed  peptones. 
This  power  is  destroyed  by  boiling,  by  saturation  of  the  free  acid, 
by  sulphurous  and  arsenious  acid,  by  alum  and  most  metallic  salts. 
It  is  much  restricted  by  saturating  the  gastric  fluid  with  salts  of 
the  alkalies,  or  other  soluble  compounds.  The  place  of  the  muriatic 
and  lactic  acids  may  be  partially  supplied  by  other  strong  mineral 
acids,  but  not  by  other  organic  acids.  100  grains  of  recent  gastric 
juice  are  capable  of  dissolving  3  to  5  grains  of  coagulated  albumen. 
On  the  non-nitrogenised  articles  of  food,  i.  e.,  the  fats  and  carbo- 
hydrates, the  gastric  fluid  has  no  effect.     It  moreover  interferes 
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with  the  action  of  the  saliva  upon  amylum,  at  least  so  far  that  raw- 
starch  is  not  changed  in  the  stomach  into  sugar,  although  boiled 
starch  is.  The  gastric  fluid  is  not  sufficient  for  the  solution  of  all 
the  protein  bodies  requisite  for  the  nourishment  of  an  animal ;  this 
results  not  only  from  the  fact  that  a  large  portion  of  the  protein 
bodies  eaten  leaves  the  stomach  undigested,  but  also  from  the  follow- 
ing consideration :  A  dog  needs  daily,  for  the  perfect  maintenance 
of  all  the  physiological  functions,  50  grains  of  flesh  (containing 
10  grains  of  albuminates)  for  every  1000  grains  of  its  weight ;  it 
secretes,  however,  only  100  grains  of  gastric  juice,  which,  as  before 
mentioned,  is  capable  of  dissolving  at  the  utmost  one-half  of  the 
albuminates  of  the  flesh ;  hence  other  fluids  must  also  flow  into  the 
intestinal  contents  which  are  capable  of  dissolving  the  protein 
bodies,  for  the  gastric  juice  is  deprived,  in  the  duodenum,  of  its 
free  acid,  and  with  it  of  its  power  of  digestion,  by  the  bile  and 
pancreatic  fluid.  In  man,  moreover,  according  to  the  few  exact 
observations  made,  less  of  the  albuminates  seems  to  be  digested  in 
the  stomach  than  in  dogs. 

THE  BILE. 

The  bile  of  most  animals  forms,  when  discharged  from  the  gall- 
bladder, a  mucous  fluid,  capable  of  being  drawn  into  threads,  of  a 
green  or  brown  color,  bitter  taste,  peculiar  odor,  which  often 
resembles  musk,  especially  on  being  warmed ;  its  specific  gravity 
ranges  about  1.02 ;  it  is  usually  slightly  alkaline,  often  quite  neu- 
tral, very  rarely  acid  even  in  disease.  Bile  containing  mucus 
putrefies  readily ;  when  free  from  mucus,  with  difficulty,  or  not  at 
all.  Recent  human  bile  can,  of  course,  only  be  obtained  from  the 
corpses  of  criminals  immediately  after  execution.  In  order  to  study 
the  proportions  of  the  biliary  secretion  and  its  influence  upon  diges- 
tion, &c,  biliary  fistulas  have  been  established  by  tying  the  biliary 
duct,  and  allowing  the  punctured  gall-bladder  to  unite  with  the  exter- 
nal edges  of  the  wound.  Every  kind  of  bile  contains  two  important 
constituents,  one  or  several  resinoid,  and  one  coloring  matter.  The 
resinoid  acids  are  not  entirely  identical  in  all  kinds  of  bile  ;  in  that 
of  most  of  the  mammalia,  glycocholates  and  taurocholates  of  the 
alkalies  are  found  mingled  in  different  proportions.  In  the  bile  of 
the  dog  there  has  been  found  only  taurocholate  of  soda.  The  resi- 
nous acids  of  the  bile  of  swine  are  peculiar ;  these  are  also  paired 
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partly  with  glycin,  partly  with  taurin,  but  differ  from  the  before- 
mentioned  acids  in  composition  by  2  equivs.  of  CH  (see  page  90)« 
These  acids  form  in  most  bile  at  least  75  per  cent,  of  the  solid 
residue.  The  bile-pigment  occurs  in  the  bile  of  different  animals  in 
two  modifications,  a  brown  and  a  green — the  latter  appears  to  be  a 
product  of  the  oxidation  of  the  former ;  but  these  substances  have 
been  as  yet  too  little  investigated  to  allow  us  to  express  a  decided 
opinion.  The  peculiar  changes  of  color  which  the  brown  pigment 
especially  undergoes  by  the  action  of  nitric  acid,  are  well  known. 
The  quantities  of  the  pigment  have  not  been  even  approximatively 
determined. 

A  never-failing  constituent  of  bile  is  cholesterin,  which  is  probably 
dissolved  by  the  taurocholate  of  the  alkali,  and  hence  is  seldom 
found  separated  in  the  crystalline  form.  Free  fats,  which  are  also 
held  in  solution  by  the  taurocholate  of  alkali,  as  also  fatty  salts  of 
the  alkalies,  are  very  common  constituents  of  the  bile ;  in  the  solid 
residue  of  human  bile,  27  to  30  per  cent,  of  fats,  fat  acids,  and  cho- 
lesterin have  been  found. 

Among  the  mineral  constituents  of  the  bile,  chloride  of  sodium,  as 
usual,  preponderates ;  with  this  there  are  found  some  phosphate  and 
carbonate  of  soda,  phosphates  of  lime  and  magnesia,  with  traces  of 
iron  and  manganese.  No  sulphates  of  the  alkalies  are  found  in 
fresh  bile,  as  also  no  ammoniacal  salts.  It  is  worthy  of  remark  that 
the  bile  of  marine  fishes  contains  almost  solely  potash  salts,  while 
that  of  herbivorous  mammalia  yields  only  soda  salts. 

The  bile  owes  its  property  of  drawing  into  threads  principally  to 
its  content  of  mucus ;  there  are  intermixed  in  the  abundant  mucous 
fluid  relatively  few  cells  of  cylinder-epithelium.  Normal  human  bile 
contains,  on  the  average,  14  per  cent,  (ranging  between  10.2  and  17.7 
per  cent.)  of  solid  constituents;  that  of  the  ox  10  to  13  per  cent.; 
that  of  the  swine  10.6  to  11.8  per  cent.  The  organic  constituents 
of  human  bile  amount  to  about  90  per  cent. ;  that  of  most  animals 
contains  less  organic  constituents  as  opposed  to  the  mineral  sub- 
stances, occasionally  only  86  per  cent. — The  bile  of  most  of  the 
carnivora  is  yellow  or  yellowish-brown — that  of  herbivora  green ; 
but  the  yellowish-brown  bile  becomes  green  by  long  retention  in 
the  gall-bladder  (after  long  deprivation  of  food),  hence  the  pigment 
undergoes  an  oxidizing  process  in  the  gall-bladder.  It  also  becomes 
more  concentrated  by  a  prolonged  delay  in  the  bladder ;  e.  #.,  in 
the  dog  and  cat  the  recent  secretion  of  the  liver  contains  5  per 
cent,  of  solid  elements,  while  the  bile  from  the  gall-bladder  con- 
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tains  10  or  even  20  per  cent.  Albumen  is  found  in  the  bile  in  the 
embryonic  state,  occasionally  in  fatty  liver,  in  Bright's  disease,  and 
in  abscesses  of  the  liver.  Urea  occurs  in  the  bile  in  uraemia,  hence 
principally  in  cholera  and  Bright's  disease.  In  bile  which  has 
stagnated  for  a  long  time  in  the  bladder,  in  consequence  of  disease, 
sediments  are  not  seldom  found,  which  may  be  recognized  under 
the  microscope  as  greenish  and  brownish  stalks,  sausage-shaped 
molecules,  or  minute  crystals  arranged  in  rows ;  this  substance  has 
been  named  hilifulvin.  There  are  often  found  among  these,  ruby- 
red  to  yellowish-red  rhomboidal  crystals,  which  resemble  the  hcema- 
toidin  found  elsewhere  only  in  old  extravasations  of  blood ;  the  rod- 
like molecules  are  also  transformed  by  exsiccation  of  the  bile,  or 
treating  it  with  ether,  into  crystals  perfectly  resembling  haematoidin. 
The  solid  constituents  of  the  bile  are  usually  increased  in  the  fol- 
lowing diseases :  in  cardiac  affections  and  abdominal  diseases,  which 
delay  the  current  of  the  blood  in  the  large  veins,  also  in  cholera,  in 
which  all  the  animal  fluids  become  thicker  by  the  loss  of  water. 
The  bile  is,  on  the  other  hand,  usually  more  watery  after  violent 
inflammations,  in  dropsical  affections,  typhus,  tuberculosis,  and  dia- 
betes ;  in  these  conditions,  the  proportion  of  water  in  the  bile  appears 
always  to  stand  in  a  certain  relation  to  that  in  the  blood.  Biliary 
concretions,  which  are  so  often  found  in  the  gall-bladders,  especially 
of  elderly  persons,  are  generally  of  two  kinds.  One  contains  a 
smaller  or  larger  nucleus  of  chalky  pigment,  but  consists  mainly  of 
cholesterin  ;  the  latter  is  sometimes  deficient,  and  the  concretion 
consists  wholly  of  the  pigment  compound.  Another  species  of  biliary 
calculi  is  dark  green  or  black,  contains  the  pigment  in  a  different 
modification,  is  also  very  rich  in  lime,  but  almost  free  from  choles- 
terin. Biliary  calculi,  which  consist  mainly  of  carbonate  and  phos- 
phate of  lime,  are  very  rare. 

By  careful  investigations  of  the  quantity  and  constitution  of  the 
bile  flowing  in  a  given  time  from  biliary  fistulas  (artificially  pro- 
duced in  animals),  the  following  results  have  been  obtained  as  to 
the  amount  of  the  secretion  of  the  liver :  In  different  animals,  the  ratio 
presents  itself  that  in  the  cat  1000  grains  secrete  in  twenty-four  hours 
14.5  grains  of  bile  (with  0.816  grain  of  solid  constituents) ;  in  the  dog, 
the  same  weight  secretes  20.0  grains  (with  1.0  grain  solid  const.); 
in  the  sheep,  25.42  grains  (with  1.34  grains  solid  const.) ;  in  the 
rabbit,  137.8  grains  (with  2.47  grains  solid  const.) ;  in  the  goose, 
11.78  grains  (with  0.816  grains  solid  const.) ;  and  in  rooks,  72.1 
grains  (with  5.256  grains  solid  const.).     These  results,  however,  are 
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to  be  regarded  only  as  approximative,  as  other  experiments  have 
afforded  very  important  deviations  from  them.  The  secretion  of 
bile  is  constant,  but  increases  and  decreases  according  to  the  period 
of  digestion.  In  the  third  hour  after  the  reception  of  food,  it  in- 
creases, and  continues  so  to  do  until  the  thirteenth  or  fifteenth  hour ; 
from  this  time,  it  rapidly  sinks,  so  that  by  the  twenty-fourth  hour 
it  is  about  as  great  as  at  two  hours  after  the  reception  of  food.  In 
prolonged  abstinence,  the  quantity  of  bile  secreted  diminishes  con- 
tinually, so  that  in  cats,  e.  g.,-  after  ten  days'  fasting,  it  is  reduced 
to  one-fourth  of  the  quantity  of  the  secretion  afforded  in  the  twenty- 
fourth  hour  after  the  last  meal.  The  biliary  secretion  is  further 
increased  in  proportion  corresponding  to  the  amount  of  food  taken ; 
the  description  of  food  is  also  of  influence  on  the  amount  of  the 
biliary  secretion.  Animal  food  causes,  according  to  numerous 
experiments,  a  more  abundant  secretion  of  bile  than  vegetable  ; 
other  experiments  have  meanwhile  given  an  opposite  result.  Thus, 
according  to  several  observations,  only  18.58  grains  of  bile  to  154 
of  fresh  meat  were  secreted  from  a  dog,  and  20.7  grs.  to  154  grs.  of 
bread  one  day  old.  It  is  to  be  remarked,  however,  that  the  bile 
under  animal  diet  contains  3.056  per  cent,  of  solid  constituents;  under 
bread  diet  only  2.639  per  cent.  Abundance  of  fat,  added  to  the 
ordinary  diet,  increases  considerably  the  secretion  of  bile  ;  on  the 
other  hand,  exclusive  feeding  on  fat  has  so  little  influence  on  it  that 
no  more  bile  is  secreted  than  during  fasting.  The  partaking  of 
carbonate  of  soda  diminishes  considerably  the  biliary  secretion.  By 
the  use  of  calomel  it  is  increased ;  but  this  is  by  the  bile  becoming 
more  watery.  No  more  solid  constituents  than  usual  are  secreted. 
Febrile  diseases  lessen  the  biliary  secretion. 

The  function  of  the  bile  has  always  been  variously  interpreted;  it  has 
been  attempted  in  many  ways  to  explain  its  influence  especially  on 
the  digestive  process.  An  undeniable,  and  certainly  not  a  secondary 
function  of  the  bile  is  to  neutralize  the  acids  of  the  gastric  juice,  which 
enters  the  duodenum  with  the  digested  food.  The  contents  of  the 
duodenum,  it  is  true,  always  react  acid;  but,  instead  of  the  muriatic 
and  lactic  acids,  the  resinous,  quickly-decomposing  acids  of  the  bile 
occur  in  the  intestine.  The  bile  has  no  special  power  of  solution  over 
the  chyme;  it  must,  however,  dissolve  some  of  the  chyme  constituents 
by  means  of  the  water  which  is  poured  abundantly  into  the  intestine 
by  it,  while  some  of  the  biliary  constituents  become  insoluble.  The 
bile  prevents,  in  a  certain  degree,  the  putrefactive  decomposition  of  the 
contents  of  the  intestine;  when  bile  is  not  poured  into  the  intestine, 
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the  excrements  and  contents  of  the  large  intestine  usually  smell 
excessively  bad.  It  lias  always  been  maintained  that  the  bile  pos- 
sessed the  power  of  dissolving  fat.  Although  this  power  is  limited, 
it  is  by  no  means  to  be  wholly  denied ;  it  has  been  proved  by  direct 
experiment  as  regards  one  of  the  constituents  of  bile,  taurocholic 
acid.  Nevertheless,  the  solvent  power  of  the  bile  over  neutral  fats 
is  so  small  that  it  would  not  be  nearly  sufficient  actually  to  dissolve 
all  the  fat,  the  resorption  of  which  in  the  intestines  is  proved ;  and 
yet  the  well-known  fact  that  greasy  stains  may  readily  be  removed 
by  bile  indicates  significantly  enough  that  this  animal  fluid  must 
exercise  an  influence  upon  the  movements  of  fat  in  tissues.  More 
recently,  direct  observations  have  confirmed  the  opinion  that  a  change 
in  the  relations  of  adhesion  between  oily  fluids  and  membranes 
moistened  with  water  is  occasioned  by  bile.  Thus,  oil  rises  in  capil- 
lary tubes  moistened  with  bile  considerably  higher  than  in  dry  tubes, 
or  those  moistened  with  water ;  fat  passes  thro*ugh  membranes  satu- 
rated with  bile  much  more  easily  than  through  those  moistened  with 
water.  While  the  influence  of  the  bile  upon  the  absorption  of  fat 
may  be  explained  in  this  way,  the  following  facts  prove  that  with- 
out its  assistance  but  very  little  fat  is  actually  absorbed.  In  animals 
whose  bile,  by  means  of  biliary  fistulas,  is  diverted  wholly  externally, 
it  is  found  that  as  much  of  the  albuminates  and  carbohydrates  are 
absorbed  as  in  uninjured  animals ;  but  it  is  otherwise  with  the  fats. 
A  small  portion  of  these  is  absorbed  when  the  access  of  the  bile  to 
the  intestine  is  prevented  ;  but  the  quantity  of  fat  then  absorbed  is 
2 1  times  less  than  when  the  bile  flows  freely  into  the  intestine.  In 
the  dog,  for  every  1,000  grains  there  are  absorbed  0.5  to  0.6  of  a  gr.  of 
fat,  while  in  the  same  case,  on  exclusion  of  the  bile,  only  0.1  of  a  gr. 
is  absorbed.  The  chyle  of  dogs  fed  upon  fat  contains  over  3  per 
cent,  of  fat,  while  in  those  with  biliary  fistula,  after  feeding  on  fat, 
only  fat  acids  are  found  to  the  amount  of  0.8  per  cent.  In  another 
instance,  there  was  found  in  the  chyle  of  a  dog  with  fistula  of  the 
gall-bladder,  which  consumed  much  flesh,  only  0.2  per  cent,  of  fat ; 
in  that  of  an  uninjured,  healthy  dog,  which  had  not  very  fat  flesh, 
on  the  contrary,  3.2  per  cent.  The  importance  and  mode  of  opera- 
tion of  the  bile  on  the  absorption  of  fat  are,  therefore,  placed  beyond 
doubt  by  these  experiments. 

That  the  formation  of  the  bile  takes  place  in  the  liver  is  proved 
by  the  following  facts:  In  frogs  in  which  the  whole  liver  has  been 
extirpated,  not  a  single  actual  constituent  of  the  bile  was  to  be 
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detected  in  the  blood ;  icterus  does  not  occur  in  any  disease  which 
attacks  the  parenchyma  of  the  liver,  and  thus  suppresses  the  secre- 
tion of  bile ;  in  the  blood  of  the  portal  vein  not  one  of  the  actual  con- 
stituents of  the  bile  is  found  preformed.  During  the  slow  passage 
of  the  blood  through  the  liver,  it  undergoes  such  important  modi- 
fications (compare  the  blood  of  the  portal  and  hepatic  veins)  that 
a  mere  filtering  off  of  certain  constituents  of  the  blood  through  the 
liver  (as  of  the  urine  through  the  kidneys)  is  not  to  be  thought  of. 


.      THE  PANCREATIC  FLUID. 

The  secretion  of  the  pancreas  is  a  colorless,  clear,  slightly  viscid 
fluid,  without  taste  or  smell,  of  tolerably  strong  alkaline  reaction, 
coagulates  on  being  heated,  as  also  by  the  addition  of  alcohol  or 
mineral  acids.  The  specific  gravity  is  somewhat  variable,  as,  accord- 
ing to  the  duration  bf  digestion,  sometimes  more,  sometimes  less 
solid  constituents  are  contained.  The  concentration  of  the  pancreatic 
fluid  stands  in  inverse  ratio  to  the  quantity  of  the  secretion  afforded  in  a 
given  time.  Thus,  there  are  found  in  the  pancreatic  fluid  of  the  dog 
from  1.62  to  11.56  per  cent,  of  solid  constituents.  The  pancreatic 
juice  passes  into  putrefaction,  after  a  few  hours,  at  a  moderate  tem- 
perature in  the  air ;  starch  is  transformed  into  sugar  by  it,  in  a  few 
minutes,  and  neutral  fats  decomposed  into  glycerin  and  the  corre- 
sponding fat  acids.  In  order  to  collect  pancreatic  fluid,  no  other 
mode  is  applicable,  than  that  of  forming  a  fistula  of  the  duct  of  Wir- 
sung,  which  will  discharge  upon  the  surface.  The  principal  constit- 
uent of  the  pancreatic  fluid  is  an  albuminous  substance,  which  is  not 
perfectly  identical  either  with  albumen  or  casein.  This  substance 
coagulates  on  being  heated,  is  precipitated  by  alcohol,  but  the  pre- 
cipitate remains,  even  after  long  washing  with  alcohol,  soluble  in 
water ;  it  is  precipitated  by  acetic  acid,  but  gradually  dissolves  in 
an  excess,  on  being  warmed.  About  78  per  cent,  of  this  substance 
is  found  in  the  solid  residue  of  the  pancreatic  fluid.  Besides  a  but- 
tery fat,  there  is  also  found  in  it  an  organic  substance  in  small 
quantity,  which  is  soluble  in  alcohol.  The  mineral  substances  of 
the  pancreatic  fluid  consist,  principally,  of  chloride  of  sodium, 
phosphates  of  the  alkalies  and  earths,  sulphates  of  the  alkalies, 
and  carbonate  of  lime.  The  experiments  instituted  upon  animals 
with  regard  to  the  amount  of  the  secretion,  have  resulted  as  follows: 
1,000  grains  in  the  dog  secrete,  in  24  hours,  about  35  grains  of 
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fluid.  During  the  period  of  digestion  (in  ruminants,  after  the 
chewing  of  the  cud),  the  secretion  attains  its  height.  The  quantity 
of  the  fluid  secreted  is  independent  of  the  volume  of  the  pancreas. 
Prolonged  fasting,  vomiting,  and  mechanical  effects,  lessen  the 
quantity  of  fluid  secreted ;  ingestion  of  solid  food,  and  especially  of 
drink,  augments  it  considerably.  The  function  of  the  pancreatic 
fluid,  in  digestion,  may  be  twofold,  according  to  the  above-men- 
tioned properties,  namely :  to  change  starch  into  sugar,  and  to  de- 
compose the  fats,  so  as  to  render  them  absorbable.  That  it  actually 
performs  the  former  in  digestion,  has  been  placed  beyond  doubt,  by 
numerous  experiments.  The  pancreatic  fluid  possesses  this  pro- 
perty in  a  much  higher  degree  than  the  saliva ;  it  is  operative  even 
at  a  low  temperature ;  neither  bile,  nor  gastric  juice,  nor  free  acids, 
interfere  with  this  function  of  the  fluid.  It  is  also  the  property  of 
this  fluid  to  decompose  the  neutral  fats ;  it  loses  this  as  soon  as  it 
comes  in  contact  with  free  acids,  as,  e.  g.,  with  those  of  the  gastric 
fluid;  hence  the  pancreatic  fluid  cannot  serve,  principally,  to  decom- 
pose the  neutral  fats  in  the  intestine ;  and  we  find,  in  fact,  neither 
in  the  chyme,  nor  in  the  chyle  of  the  lacteals,  considerable  quantities 
of  fat  acids,  but  always  a  preponderance  of  the  neutral  fats.  After 
the  conduction  externally  of  the  pancreatic  fluid,  the  fat  taken  with 
the  food  is  absorbed  in  the  same  quantities  as  when  this  fluid  flows 
freely  into  the  intestine.  As  the  pancreatic  fluid  is  entirely  changed 
or  reabsorbed  before  it  reaches  the  middle  of  the  small  intestine,  it 
is  not  to  be  presumed  that  in  the  ileum,  where  the  contents  often 
begin  to  react  neutral  or  alkaline,  the  neutral  or  alkaline  fluid  is 
still  able  to  decompose  the  fats. 

THE  INTESTINAL  FLUID. 

This  liquid,  which  is  secreted  from  the  bottle-shaped  glands  of 
the  alimentary  canal  (follicles  of  Lieberkuhn,  and  of  the  large  intes- 
tine), is  colorless,  capable  of  being  drawn  into  threads,  and  of  alka- 
line reaction  ;  its  morphotic  elements  are  granular  cells,  cell-nuclei, 
and,  occasionally,  some  fat  and  cylinder-epithelium.  The  intestinal 
fluid,  after  being  filtered,  contains,  on  the  average,  3.2  per  cent,  of 
solid  constituents ;  it  does  not  coagulate  on  boiling,  is  not  clouded 
by  acetic  acid.  Alcohol  precipitates  from  it  an  organic  substance, 
which  redissolves  in  pure  water;  its  solution  is  precipitated  neither 
by  mineral  acids  nor  bichloride  of  mercury,  but  by  acetate  of  lead. 
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The  intestinal  fluid,  free  from  bile  and  pancreatic  fluid,  is  obtained, 
partly,  by  tying  a  knuckle  of  intestines,  from  which  the  contents 
have  been  pressed  out  as  much  as  possible,  or  from  intestinal  fistulas 
in  animals,  whose  bile  and  pancreatic  fluid  have  been  conducted 
externally,  by  the  formation  of  fistulas.  The  quantity  of  intestinal 
fluid,  as  a  whole,  secreted  in  a  given  time,  cannot  be  accurately 
determined ;  but  it  has  been  observed,  that  fluid  is  poured  into  the 
small  intestines  most  abundantly  five  or  six  hours  after  the  time  of 
the  meal;  and  that  after  the  reception  of  drink,  the  quantity  increases 
very  much.  The  intestinal  fluid  serves,  as  regards  its  function,  as 
a  complement  to  the  digestive  fluids,  the  gastric  and  pancreatic 
fluids,  which  become  inoperative  towards  the  middle  of  the  small 
intestine;  it  possesses  not  only,  as  the  latter  of  these  does,  the  power 
of  rapidly  changing  starch  into  grape  sugar,  but  also  of  dissolving 
(notwithstanding  its  alkaline  reaction)  and  rendering  absorbable 
flesh  and  other  protein  bodies.  In  tied  knuckles  of  intestine,  into 
which  starch  or  paste  has  been  introduced,  all  the  starch  is  trans- 
formed into  sugar  at  the  end  of  three  hours,  and  in  great  measure 
absorbed.  Pieces  of  meat  or  coagulated  albumen  disappear  from 
such  knuckles  after  six  to  fourteen  hours. 

CONTENTS  OF  THE  INTESTINES. 

The  contents  of  the  intestines,  even  after  the  use  of  tolerably 
simple  articles  of  diet,  consist  of  a  mixture  of  undigested,  undi- 
gestible,  and  already  changed  or  decomposed  substances,  with 
which  are  mingled  constituents,  partly  undecomposed,  partly 
already  metamorphosed,  of  the  digestive  fluids.  The  reaction  of 
the  intestinal  contents  is  different,  according  to  the  part  of  the  in- 
testinal canal  from  which  they  are  taken,  and  to  the  species  of 
food  partaken  of.  The  contents  of  the  stomach  always  redden 
litmus  in  the  normal  state,  whatever  may  have  been  the  kind  of 
food  used ;  those  also  of  the  duodenum,  notwithstanding  the  influx 
of  the  bile  and  pancreatic  juice,  react  acid,  but  far  less  intensely;  in 
the  jejunum  a  slightly  acid  reaction  is  still  met  with,  while  the 
contents  of  the  ileum  are  neutral  or  alkaline,  the  latter  especially 
near  the  caecum.  After  exclusively  animal  diet,  the  acid  reaction 
usually  disappears  a  little  below  the  duodenum,  and  alkaline  reac- 
tion soon  occurs ;  after  the  reception  of  vegetable  food,  the  acid 
reaction  often  extends  beyond  the  middle  of  the  small  intestine,  and 


CONTENTS   OF  THE   INTESTINES.  177 

after  the  use  of  sugar  it  reaches  even  to  the  coecum.  The  contents 
of  the  large  intestine  react  alkaline,  as  a  rule,  but  it  not  seldom 
occurs  that  the  external  parts,  or  those  near  to  the  mucous  mem- 
brane, react  alkaline,  while  the  internal  parts  exhibit  a  strongly- 
acid  reaction.  It  cannot  be  doubted  that  the  acid  reaction  of  the 
gastric  contents  depends  principally  upon  the  free  acid  of  the  gastric 
juice,  whether  this  be  muriatic  or  lactic  acid ;  the  acid  which  we  find 
in  the  duodenum  has  the  same  source,  but  there  the  freed  and  still 
undecomposed  bile-acids  may  also  occasion  the  reaction.  The  free 
acid  which  we  find  in  the  small  intestine  after  abundant  saccharine 
and  amylaceous  food,  is  lactic  acid,  according  to  direct  experiments. 
In  the  coecum  and  colon  a  genuine  butyric  acid  fermentation  often 
takes  place ;  hence  the  acid  reaction  of  the  internal  portions  of  their 
contents.  That  the  alkaline  reaction,  where  it  occurs,  arises  mainly 
from  the  alkaline  digestive  fluids,  it  is  scarcely  necessary  to  mention; 
occasionally  in  the  colon  this  may  be  caused  by  the  development 
of  ammonia.  On  account  of  the  rapidity  of  their  absorption  but 
few  soluble  substances  can  be  extracted  from  the  intestinal  contents ; 
we  meet  with  sugar  most  frequently,  which  arises  merely  from  the 
amount  of  starch  in  vegetable  food.  Even  in  the  coecum  sugar  is 
often  found.  In  the  watery  extract  of  the  contents  of  the  small  in- 
testine, whether  the  food  has  been  animal  or  vegetable,  we  meet 
with  coagulable  protein-bodies  ;  as  these  are  mostly  changed  by  diges- 
tion into  soluble  non-coagulable  bodies  (peptones)  by  digestion,  and 
as  the  coagulable  substance  of  the  pancreatic  fluid  speedily  disap- 
pears from  the  intestine,  and  these  coagulable  substances  are  found 
in  the  intestine  even  after  non-nitrogenised  diet,  it  is  more  than 
probable  that  this  albumen  occurs  in  consequence  of  endosmotic 
currents  from  the  blood.  Dextrin  and  veritable  peptones  are  detected 
only  in  very  minute  quantities.  In  the  alcoholic  extract  of  the  in- 
testinal contents  there  are  found,  besides  sugar,  the  free  acids,  and 
their  salts  with  the  alkalies,  the  constituents  of  the  bile.  In  the 
duodenum  and  near  to  it  the  conjugate  bile-acids  may  be  detected ; 
the  further  we  proceed  in  the  small  intestine  the  less  we  find  of 
these ;  but  in  their  place  choloidic  acid  and  dyslysin  occur ;  in  the 
large  intestine  we  find  but  few  products  of  metamorphosis,  more 
substances  soluble  in  ether,  which  yield  with  sulphuric  acid  and 
sugar  the  well-known  bile  reaction,  and  finally  small  quantities  of 
taurin.  According  to  special  researches,  half  of  the  bile  poured 
into  the  bowels  is  decomposed  before  reaching  the  middle  of  the 
12 
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small  intestine.  Fat  is  often  found  in  tlie  whole  tract  of  the  alimen- 
tary canal,  especially  after  animal  diet ;  when  the  food  is  very  abund- 
ant in  fat,  it  often  passes  into  the  excrements.  Cholesterin  may  like- 
wise always  be  detected  in  the  intestinal  contents,  although  in  very 
small  quantities.  The  bile-pigment  gradually  undergoes  in  the  intes- 
tinal canal  the  same  changes  which  we  have  noticed  in  it  in  the  pu- 
trefaction of  the  bile.  The  yellow  color  of  the  excrements  depends 
upon  entirely  altered  bile-pigment.  The  constituents  of  the  intes- 
tinal contents  which  are  insoluble  in  neutral  menstrua  consist  partly 
of  the  cell-formations  arising  from  the  digestive  fluids,  partly  of 
undigested  or  undigestible  remnants  of  the  food.  The  starch-gran- 
ules are  smaller  the  further  they  have  penetrated  in  the  intestinal 
canal;  often  we  find  merely  their  envelops,  like  loose  laminated 
vesicles.  Muscular  fibres  present  themselves  in  all  stages  of  trans- 
formation; we  often  find  in  the  colon,  unaltered  primitive  muscular 
bundles,  then  smaller  parallelopipedon-like  pieces  on  which  the 
transverse  striation  is  still  evident,  generally  to  be  recognized  only 
by  a  fine  parallel  punctation ;  then  instead  of  transverse  only  longi- 
tudinal stride  occur ;  finally  a  hyaline  mass  remains  which  is  only 
to  be  recognized  as  the  rudiment  of  muscular  fibre  by  a  parallel 
grouping  of  some  prominent  points.  Fragments  of  bones  are  often 
found  in  dogs  in  the  different  parts  of  the  intestinal  tract.  Yeast- 
cells  occur  very  frequently  after  the  use  of  baked  food.  After  a 
vegetable  diet,  nearly  all  the  morphotic  elements  of  the  structure 
of  plants  may  be  recognized;  the  chlorophyll-cells  remain  quite 
unaltered,  the  parenchyma-cells  occasionally  isolated;  spiral  vessels, 
especially  in  the  excrements,  often  as  if  prepared.  The  gases  which 
are  found  normally  or  abnormally  in  the  stomach  and  intestinal 
canal,  have  their  source  partly  in  the  atmospheric  air  mingled  in 
chewing  and  moistening  with  saliva  the  food,  partly  in  the  decom- 
position of  the  intestinal  contents.  Hence  the  differences  in  com- 
position which  show  themselves  in  the  gas  obtained  from  the  dif- 
ferent portions  of  the  intestines.  In  the  mixture  of  gases  contained 
in  the  stomach,  we  find  a  little  oxygen,  a  good  deal  of  carbonic  acid, 
with  nitrogen  and  traces  of  hydrogen ;  in  the  small  intestine  the 
oxygen  has  disappeared,  but  much  hydrogen  and  carbonic  acid  are 
present ;  these  have  evidently  arisen  from  decomposition ;  part  of 
the  carbonic  acid  may  also  be  derived  from  the  blood.  In  the  colon, 
where  the  processes  of  decomposition  commeiced  in  the  ileum  not 
only  continue  but  become  more  intense,  still  larger  accumulations 
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of  gases  take  place.  Here  there  are  added  to  the  carbonic  acid 
and  nitrogen  considerable  quantities  of  carburetted  hydrogen  with 
small  quantities  of  sulphuretted  hydrogen. — With  regard  to  the 
intestinal  contents  in  the  foetus,  they  are  of  course  different  according 
to  the  portion  of  intestine  from  which  they  are  obtained.  In  the 
small  intestine  of  the  human  foetus  (after  five  months)  there  is  found 
a  light  yellow  mass  of  neutral  or  slightly  acid  reaction,  consisting 
mainly  of  epithelial  formations  and  mucus  (89  to  96  per  cent,  of  the 
solid  residue);  the  ethereal  extract  of  this  mass  consists  of  oleic 
and  margaric  acids  and  a  little  saponifiable  fat ;  in  the  alcoholic 
extract  there  are  found  traces  of  resinous  bile-acids  and  bile-pigment. 
A  considerable  amount  of  chlorides  of  the  alkalies  is  also  met  with 
and  a  substance  resembling  casein.  The  contents  of  the  colon  of 
the  foetus  of  7  to  9  months  are  very  similar  to  the  meconium  discharged 
after  birth ;  they  form  brownish-green,  almost  black,  tolerably 
compact  masses,  without  odor  or  peculiar  taste,  readily  putrefying 
in  the  air.  Meconium,  like  the  contents  of  the  large  intestine,  is 
generally  of  a  slightly  acid  reaction,  seldom  neutral;  it  contains 
principally  cylinder-epithelium  (appearing  green  under  the  micro- 
scope), mucus  and  fat,  with  much  cholesterin ;  neither  bile-acids  nor 
bile-pigment  are  to  be  detected,  as  also  no  substance  precipitable  by 
heat  or  acetic  acid. — The  contents  of  the  intestine  are  often  dis- 
charged by  vomiting,  and  then  exhibit  not  seldom  characteristics 
which  we  do  not  find  in  normal  intestinal  contents.  That  vomit 
consists  of  undigested  and  half-digested  articles  of  food  mingled  with 
the  fluids  of  digestion,  it  is  hardly  necessary  to  mention.  It  results 
of  course  from  this,  that  the  longer  after  the  reception  of  the  food 
the  vomiting  takes  place,  the  more  changed  it  will  be.  The  trans- 
formations which  the  matters  vomited  exhibit  may  be  normal  or 
abnormal,  i.  e.,  we  may  recognize  the  usual  forms  of  change  in  the 
simplest  articles  of  diet  which  are  found  in  normal  digestion,  or 
other  products  of  an  acid  fermentation.  If  the  vomiting  takes  place 
a  good  while  after  the  reception  of  the  food,  so  that  the  contents  of 
the  duodenum  are  also  discharged,  we  find  not  only  the  animal,  but 
also  the  vegetable  substances  changed.  The  food  has,  however, 
generally  undergone  abnormal  alterations  ;  the  starch  and  the  sugar 
formed  from  it  are  subjected  to  various  processes  of  fermentation  ; 
at  one  time  lactic  acid,  at  another  acetic  acid  is  formed,  while  butyric 
acid  frequently  occurs ;  occasionally  these  carbohydrates  are  trans- 
formed into  a  colorless  ropy  mass. 
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The  different  degree  of  alteration  of  the  secretion  separated  by 
the  diseased  mucous  membrane  of  the  stomach,  may  be  the  cause 
of  the  differences  in  the  processes  of  fermentation,  the  results  of 
which  we  find  in  vomit.     Besides  the  yeast  fungus,  which  is  not 
rare  in  vomit,  microscopic  algas  occasionally  present  themselves ; 
they  form  films  which  consist  of  a  greater  or  less  number  of  four- 
parted  cells  (measuring  -g^  to  3^  of  a  line  in  diameter);  they 
resemble   bundles   tied  with   strings,  and  were  originally  called 
sarcina  ventriculi,  but  are  probably  identical  with  the  Merispomedia 
punctata  of  Meyen,  and  the   Gonium  tranquillum  and  glaucum  of 
Ehrenberg.     They  are  not  characteristic  of  any  particular  affection 
of  the  stomach.    Excessively  watery  fluid  substances  are  often  vomited, 
without  any  food  having  been  previously  taken.     Sometimes  this 
fluid  arises  merely  from  the  saliva  which  has  gradually  accumu- 
lated in  the  stomach ;  it  then  often  reacts  alkaline.     Frequently, 
however,  vomiting  of  a  watery  fluid  occurs  which  reacts  strongly 
acid ;  the  nature  of  its  free  acids  has  not  yet  been  thoroughly  in- 
vestigated.    The  rice-water  discharges,  which  are  vomited  in  cholera, 
are  of  feeble  but  nauseous  odor,  and  deposit  white  flakes  of  mucus 
and  epithelium.     The  fluid  contains  but  few  organic  substances  in 
solution,  principally  chloride  of  sodium  and  a  little  sulphate  of 
alkali.     In  the  commencement  of  the  disease,  it  contains  free  butyric 
and  acetic  acids ;  when  the  vomit  is  free  from  remains  of  food,  urea 
is  found  in  it  if  the  reaction  be  acid  or  neutral ;  when  it  is  alkaline, 
as  is  usual  when  uraemia  occurs,  ammoniacal  salts,  especially  car- 
bonate of  ammonia,  present  themselves.     Albumen  is  found  but 
sparsely  in  the  acid  fluids,  more  abundantly  in  the  alkaline.     Biliary 
matters  may  generally  be  recognized  in  vomit,  by  the  green  color  of 
the  mass.     Blood  is  not  always  to  be  recognized  in  vomit  by  its  red 
color,  and  the  presence  of  the  blood  corpuscles ;  matters  resembling 
coffee-grounds,  or  of  a  chocolate  color,  are  often  vomited  when  the 
blood  has  remained  some  time  in  the  stomach ;  but  even  then  we 
alwaj^s  find  rudiments  of  blood-corpuscles,  and  an  abundance  of  iron 
on  incineration  of  the  mass.     Sugar  is  frequently  found  in  vomit; 
it  occurs  especially  in  diabetic  patients.     Fat  is  not  seldom  found 
in  vomit.     After  what  has  been  said  already  as  to  the  contents 
of  the  colon,  it  is  scarce  necessary  to  remark  that  the  solid  excre- 
ments, the  faces,  consist  more  or  less  of  the  indigestible  remains  of 
food,  cellular  tissue  of  plants,  tendons,  membranes,  primitive  mus- 
cular bundles,  &c,  that  they  contain  only  traces  of  altered  constitu- 
ents of  the  bile,  with  an  abundance  of  epithelial  cells,  mucus,  &c. 
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The  disagreeable  odor  of  the  excrements  seems  to  depend  in  great 
measure  upon  decomposed  bile  and  mucus;  their  reaction  is  gene- 
rally acid  but  very  often  alkaline  or  neutral.  Normal  human  excre- 
ment contains  about  25  per  cent,  of  solid  constituents  (varying  from 
7  to  31  per  cent.).  An  adult  discharges  on  the  average  about  5  oz. 
5  drs.  of  feces  (varying  between  2  oz.  7|  drs.  and  10  oz.  15  drs.) 
daily,  hence  about  1  oz.  5|  drs.  of  solid  constituents  (from  9  drs. 
to  2  oz.).  The  solid  excrements  contain  on  the  average  very  few 
soluble  salts ;  while  dried  human  faeces  afford  nearly  6.7  per  cent. 
of  mineral  constituents,  we  find  among  these  only  1.54  parts  (23  per 
cent.)  of  soluble  salts.  It  is  only  when  the  food  passes  with  abnormal 
rapidity  through  the  alimentary  canal,  that  great  quantities  of  salts 
are  discharged  with  it  by  the  rectum.  In  the  excrements,  as  a  rule, 
the  magnesia  preponderates  over  the  lime,  i.  e.,  the  lime  salts  seem 
to  be  more  readily  absorbed  in  the  intestine  than  the  magnesia  salts, 
hence  the  ratio  in  the  excrements  of  the  magnesia  to  the  lime,  is 
generally  as  1 :  2  or  2\,  while  far  more  lime  is  contained  in  the  food: 
lime  and  magnesia  are  combined  with  phosphoric  acid  in  the  feces 
of  man  and  the  carnivora.  Ammonio-phosphate  of  magnesia  is  a 
constituent  of  the  feces  (when  of  neutral  or  alkaline  reaction),  easily 
recognized  by  the  microscope ;  this  salt  arises  not  only  from  the 
amount  of  magnesia  in  the  food,  but  also  from  the  decomposition 
of  mucus  especially  in  the  diarrhoea  of  typhus,  cholera,  &c.  A  little 
silica  is  almost  always  found  in  the  excrements,  either  as  sand  or  as 
the  skeletons  of  insoluble  vegetable  tissues.  Unaltered  constituents 
of  the  bile  are  found  only  when  the  contents  pass  rapidly  through 
the  intestines,  as  in  catarrhal  diarrhoeas,  after  saline  purgatives,  &c. 
Taurin  is  always  found  in  the  excrements.  The  latter  are  free 
from  bile  when  the  biliary  duct  is  closed ;  they  then  are  of  a  dirty 
whitish  gray,  of  a  very  nauseous  fetid  odor,  and  contain  more  fat 
than  usual.  The  bright  yellow  semi-fluid  excrements  of  sucking  chil- 
dren contain  a  great  deal  of  fat,  much  coagulated  and  still  undigested 
casein,  bile-pigment  so  little  altered  as  still  to  afford  the  well-known 
play  of  colors  with  nitric  acid,  as  also  bile-acids  which  give  the 
usual  reaction  with  sugar  and  sulphuric  acid;  epithelial  cells  also 
are  not  wanting.  The  excrements  are  sometimes  green,  after  bile 
has  been  poured  abundantly  into  the  intestine,  especially  when 
much  free  acid  also  exists  there,  hence  usually  in  the  icterus  of 
new-born  infants.  The  color  arises  from  the  bile-pigment;  together 
with  this  are  found  slightly  modified  bile-acids.    The  grass-green 
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stools  after  the  use  of  calomel  are  well  known ;  we  find  in  them 
sulphuret  of  mercury,  from  which  the  color  may  in  part  arise  by  its 
fine  subdivision;  more  unaltered  bile,  however,  is  found  in  such  ex- 
crements than  usual.  After  long-continued  use  of  iron-preparations  or 
ferruginous  mineral  waters,  the  excrements  often  become  black  or 
green ;  the  color  depends  here  upon  the  proto-sulphuret  of  iron.  If 
the  albuminate  of  the  protoxide  of  iron  is  dissolved  in  caustic 
potassa,  and  sulphuretted  hydrogen  introduced,  an  intense  steel- 
green  fluid  with  sulphuret  of  iron  in  suspension  is  obtained.  The 
excrements  also  appear  green  after  the  use  of  indigo,  black  after 
partaking  of  whortleberries,  light  yellow  after  the  use  of  rhubarb, 
gamboge,  or  saffron.  The  excrements  in  consumption  are  some- 
times found  to  contain  more  fat  than  usual.  Sugar  is  occasionally 
found  in  the  fasces  of  diabetic  patients.  The  stools  are  found  to  be 
black,  chocolate  colored,  or  tarlike,  when  blood  is  contained  in  them, 
and  this  arises  from  the  upper  part  of  the  intestinal  canal ;  so  also 
the  semi-liquid,  green  excrements  which  are  observed  occasionally 
in  typhus  and  other  diseases,  depend  upon  blood,  which  is  easily 
recognized  by  the  microscope.  Soluble  albumen  is  found  in  the 
stools  in  dysentery,  typhus,  and  occasionally  also  in  Bright's  disease, 
and  in  cholera.  The  greatest  quantities  of  epithelial  cells  are 
found  in  the  dejections  in  cholera.  Cytoid  corpuscles  are  very  numer- 
ous in  the  excrements  in  catarrhal  diarrhoeas,  in  dysentery,  and 
occasionally  in  typhus  and  cholera.  Hyaline  mucus  is  observed  in 
the  excrements  in  catarrh  of  the  large  intestine ;  it  arises  from  the 
follicles  of  the  colon,  and  contains  round  or  oval,  pale,  or  granular 
cells  and  cell-nuclei.  Fibrinous  exudations  occur  in  the  faeces  in 
follicular  ulceration,  and  in  dysentery.  The  intestinal  concretions 
which  are  observed  more  commonly  among  the  herbivora,  consist 
mostly  of  phosphate  of  magnesia,  ammonia,  and  carbonate  of  lime. 
Bezoars  are  the  intestinal  concretions  of  different  animals  belonging 
to  the  genus  of  goats  or  gazelles,  and  consist  partly  of  phosphate  of 
magnesia  and  ammonia,  and  phosphate  of  lime,  partly  of  lithofellic  acid, 
and  partly  of  ellagic  acid. 

THE  SEBACEOUS  SECRETIONS. 

We  consider  here  not  only  the  secretion  of  the  sebaceous  glands 
which  are  distributed  over  the  whole  skin,  but  also  that  of  the 
Meibomian  glands,  and  the  ceruminous  glands  of  the  ear,  the 
smegma  prasputii,  castoreum,  and  the  vernix  caseosa.     All  these 
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secretions  contain  more  or  less  morphotic  elements,  especially 
small-celled  epithelium  from  the  glands  of  the  skin ;  usually  epi- 
thelial cells  from  the  cuticle  are  mingled  with  them.  There  are 
found  besides  in  these  secretions,  especially  in  the  Meibomian 
secretion  and  ear  wax,  peculiar,  oval,  angular  or  roundish  cells  of 
3oo  ^0  T43  °f  a  lme)  which,  with  a  pale  nucleus  with  nucleoli,  con- 
tain small,  dark,  sharply  defined  granules,  and  several  genuine  fat 
molecules.  In  inflammatory  irritations  of  the  follicles,  cytoid  cor- 
puscles (mucous  or  pus-corpuscles)  are  secreted.  Among  the  chemi- 
cal constituents  of  the  sebaceous  secretions  there  is  constantly  found 
sl protein-substance,  which  has  not  been  thoroughly  investigated ;  there 
are  contained  of  it  in  the  vernix  caseosa,  4  per  cent.,  in  the  smegma 
praeputii,  more  than  5  per  cent.,  in  Canadian  castor,  5.8  per  cent. 
Neutral  fats  are  present  in  considerable  quantity ;  in  the  vernix 
caseosa  there  were  found  47.5  per  cent.,  in  the  smegma  praeputii 
52.8  per  cent.,  in  Canadian  castor  8.2  per  cent.  Volatile  fat-acids 
do  not  exist  in  these  secretions.  In  the  smegma  praeputii,  a 
little  cholesierin  is  found,  in  castor,  the  so-called  castorin.  In 
the  preputial  secretion,  a  little  ammonia-soap  is  contained.  There 
are  found  in  castor,  especially,  resinoid  substances  which  have 
not  been  thoroughly  examined :  in  recent  genuine  castor,  there 
were  found  67.7  per  cent.,  in  Eussian,  64.3  per  cent.,  in  Canadian, 
41.34  per  cent,  of  them.  Soluble  mineral  substances  are  con- 
tained only  in  small  quantities  in  these  secretions:  they  consist 
of  chloride  of  sodium,  sal-ammoniac,  and  phosphate  of  soda  and 
ammonia;  the  quantity  of  earthy  phosphates  is  larger  (in  the 
vernix  caseosa,  6.5  per  cent.,  in  the  preputial  secretion  of  man, 
9.7  per  cent.).  As  is  almost  self-evident,  the  proportion  of  water  in 
these  secretions  is  very  variable.  A  trace  of  phenylic  acid  is  found 
in  castor.  Hippuric  acid,  and  frequently  also  benzoic  acid,  are  con- 
tained in  the  preputial  secretion  of  the  horse,  and  in  castoreum.  In 
the  latter  there  is  found  much  sulphate  of  lime,  in  the  smegma 
praeputii  of  the  horse,  carbonate  and  oxalate  of  lime. 

THE  SWEAT. 

This  fluid,  as  it  collects  in  drops  on  the  skin  of  one  perspiring, 
is  colorless,  tastes  salty,  has  a  peculiar  odor,  is  poor  in  solid  constit- 
uents, and,  when  recent,  always  reddens  litmus.  For  the  investiga- 
tion of  the  sweat,  the  necessary  material  is  generally  obtained  by  ex- 
tracting with  water  that  which  is  absorbed  by  clean  sponges  or  cloths; 
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or  by  expressing  it  when  the  latter  are  very  damp.     In  order  to  col- 
lect larger  quantities  of  sweat,  the  best  plan  is  to  inclose  the  arm  in 

an  air-tight  apparatus  of  glass,  gutta 
percha,  &c.  Epithelial  cells,  in  great 
abundance,  are  usually  mingled  with 
normal  sweat,  so  that  it  appears  quite 
cloudy,  almost  milky,  when  collected 
in  large  quantities. 

Of  solid  constituents  the  sweat  con- 
tains, according  to  the  experiments  of 
different  observers,  0.5  to  2.2  per  cent., 
that  is,  of  those  which  do  not  volatilize 
on  evaporation.  Among  these  the 
chlorides  of  sodium  and  potassium  pre- 
dominate, constituting  more  than  half 
of  the  solid  residue.  Phosphates  of  the 
alkalies  are  not  found  in  the  sweat; 
so  also  ammonia  and  ammoniacal  salts 
never  occur  in  it  when  recent,  but  are 
formed  by  the  decomposition  of  its 
nitrogenised  constituents ;  ammoniacal 
alkaloids  are  not  found  even  in  offen- 
sive alkaline  sweat.  The  earthy  phos- 
phates, and  oxide  of  iron,  which  are 
found  constantly  in  the  ashes  of  the 
sweat,  can  only  depend  upon  the  epi- 
thelial cells  mingled  with  the  sweat. 
That  the  fat  of  the  sweat  does  not  arise 
only  from  the  sebaceous  follicles,  but 
is  secreted  from  the  sweat-glands, 
results  from  the  fact  that  a  little  fat  is 

Vertical  Section  of  the  Skin,       i  j?         i  ±1  i.     v  j.i 

showing  the  STRUCTURE  of  the    always  found  even  m  the  sweat  of  the 

Sweat-glands  — 1.   Convoluted  tu-     pa]m    Qf    t^Q   J^d     whicn     as    is   Well 
bule  or  tubules  lined  with  the  excret-     L  '  ' 

ing  cells,  and  imbedded  in  the  sub-    known,  contains  no  sebaceous  glands. 

cutaneous  adipose  tissue,  5.     2.  Duct     m1  ,    .  ..*  '    r«  ,n 

of  the  -land  passing  through  the    The  most  important  constituents  ol  the 

cutis  vera  and  rote   Malpighii    and  t  t]        voMe     aci(h       among 

becoming  spiral  in  the  cuticle,  3.  '  o 

which  formic  acid  preponderates ;  the 
quantity  of  acetic  acid  is  less,  and  that  of  butyric  acid  least.  Whether 
metacetonic  and  caproic  acids  exist  in  it  is  still  uncertain.  Lactic 
acid  is  not  contained  in  the  sweat,  but   a  peculiar  nitrogenised 
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acid,  C10  H8  N013  is  said  to  have  been  found  in  it.  Urea  probably 
also  occurs  in  that  of  healthy  individuals  in  small  quantities; 
it  is  certain  that  in  urgemia  much  urea  is  contained  in  the  sweat, 
especially  of  the  face.  Whether  albumen,  uric  acid  and  sugar 
exist  in  it,  is  not  yet  established  by  reliable  observations.  The 
coloring  matters  which  in  rare  cases  are  observed  in  the  sweat, 
are  wholly  unknown.  But  few  substances  pass  more  or  less 
readily  into  the  sweat;  benzoic  and  cinnamic  acids  very  readily, 
tartaric  acid  less  so,  and  iodide  of  potassium,  still  less.  Salicin 
quinine,  and  lactin  could  not  be  found  again  in  the  sweat. 
Together  with  the  liquid  secretion,  a  separation  of  gases  by  means 
of  the  sudoriparous  glands  is  observed,  especially  of  nitrogen 
and  carbonic  acid ;  the  proportion  between  the  two  gases  is  very 
variable,  but  it  appears  that  usually  1  vol.  of  nitrogen  is  exhaled 
for  every  2  vols,  of  carbonic  acid.  The  researches  hitherto  made, 
have  not  led  to  exact  results  as  to  the  amount  of  the  secretion 
from  the  skin ;  but  it  appears  to  stand  to  the  exhalation  from  the 
lungs,  in  about  the  proportion  of  7  :  12.  According  to  very  un- 
certain calculations,  based  upon  loose  observations,  an  adult  in  a 
vapor  bath  appears  to  secrete  386  grains  of  fluid  sweat. 

THE  URINE. 

The  urine  is  a  fluid,  secerned  from  the  animal  organism  by  means 
of  the  kidneys,  containing  certain  soluble,  nitrogenised  substances, 
and  salts  which  have  become  useless  in  the  metamorphosis  of 
animal  tissue,  or  have  been  introduced  from  without  into  the  animal 
body,  but  are  inapplicable  to  the  animal  functions.  It  follows 
hence,  of  course,  that  the  urine  will  exhibit  various  modifications  in 
its  physical  and  chemical  properties,  according  to  the  external  and 
internal  circumstances  of  the  organism.  Normal  human  urine  has 
usually  the  following  characters:  it  is  of  a  light  or  dark-amber- 
yellow,  perfectly  clear  and  transparent,  of  a  bitter  salty  taste,  and 
feebly  aromatic  smell,  is  heavier  than  water  (yet  normally  not  more 
than  1.03),  and  reddens  litmus  perceptibly.  In  clean  vessels  the 
urine  does  not  readily  decompose ;  after  standing  in  repose,  it 
usually  deposits  a  slight  cloudiness  of  mucus;  by  longer  standing  it 
not  only  becomes  not  alkaline,  but  its  acid  reaction  increases  {acid 
fermentation  of  urine) ;  yellow  or  reddish  crystals  are  then  deposited, 
appearing  rhombic  under  the  microscope.    Later,  often  only  after 
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several  weeks,  but  especially  at  a  higher  temperature,  with  a  large 
proportion  of  water  and  abundance  of  mucus,  the  urine  becomes 
covered  with  a  thin,  fat-glistening  or  iridescent  film,  fragments  of 
which  sink  to  the  bottom;  dirty  yellowish-white  flakes  mingle  with 
the  mucous  sediment,  the  color  of  the  urine  becomes  paler,  and  its 
reaction  alkaline  {alkaline  fermentation  of  urine) .  It  begins  to  deve- 
lop a  disagreeable  ammoniacal  odor ;  in  the  mucous  whitish-gray 
sediment,  white  granules  and  colorless  prismatic  crystals  highly 
refractive  of  light,  become  visible. 

Of  morphotic  elements,  pavement  epithelium,  especially  from  the 
bladder,  is  most  commonly  found  in  the  urine ;  it  occurs  in  large 
quantities  only  in  vesical  catarrh,  especially  that  occurring  in  scar- 
latina. Mucous  corpuscles  are  generally  to  be  found  in  the  mucous 
cloud  of  urine  which  has  stood  for  some  time.  In  vesical  catarrh, 
pyelitis,  gonorrhoea,  and  diseases  of  the  prostate,  the  mucous  cor- 
puscles often  increase  so  as  to  render  the  urine  cloudy  and  milky. 


A.  Portion  of  a  secreting  canal  from  the  cortical  substance  of  the  kidney.  B.  The 
epithelium  or  gland-cells  more  highly  magnified  (700  times).  C.  Portion  of  a  canal  from 
the  medullary  substance  of  the  kidney.  At  one  part  the  basement-membrane  has  no  epithe- 
lium lining  in  it. 

Only  in  pathological  urine  are  those  bottle-shaped  or  cylindrical 
bodies  to  be  found,  which  arise  from  the  tubuli  uriniferi;  three 
species  of  them  may  be  distinguished ;  first,  those  which  consist  of 
the  epithelial  coat  of  the  tubules  of  Bellini,  in  which  the  small 
cells  with  their  nuclei  appear  as  if  grouped  in  a  honeycomb  form ; 
they  are  observed  in  the  commencement  of  B right's  disease,  and 
in  the  desquamative  stage  of  erysipelas  and  scarlatina.    The  second 
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species  of  cylinders  consists  of  recent  exudation,  generally  granular 
in  appearance,  in  which  more  or  less  blood  and  pus-corpuscles  may 
be  recognized.  A  third  form  of  these  cylinders  resembles  hyaline 
tubes,  which  are  often  hard  to  recognize  on  account  of  their  trans- 
parency ;  they  are  coagula  of  pure  fibrin. 

Spermatic  filaments  are  found  in  the  urine  most  abundantly  after 
pollutions  or  coition.  Blood-corpuscles  are  found  plentifully  in  the 
urine,  in  inflammations  of  the  uropoietic  organs ;  and  only  under 
similar  circumstances  are  larger  fibrinous  clots  to  be  found.  A 
species  of  thread-like  fungus,  not  unlike  the  mycoderma  cerevisiae, 
but  considerably  smaller  (,^  to  3^  of  a  line),  is  found  not  only  in 
urine  which  has  stood  some  time,  but  occasionally  in  that  recently 
discharged,  as  when,  in  vesical  catarrh,  decomposition  of  the  urine 
commences  within  the  bladder ;  vibriones  and  monads  are  found 
under  similar  circumstances.  The  sarcina  ventriculi  of  Goodsir  has 
also  been  found  several  times  in  the  urine  (compare  p.  180).  In 
the  urine  after  cooling,  there  is  very  frequently  found  a  sediment 
apparently  of  finer  and  coarser  molecules ;  this  consists  of  urate  of 
soda,,  and  is  easily  recognized  by  its  redissolving  when  the  urine  is 
moderately  warmed.  This  salt  occurs  in  most  urine  in  such  small 
quantities,  that  it  remains  in  solution  even  on  cooling ;  it  only 
appears  on  cooling  when  the  urine  is  very  concentrated,  or  when 
the  salt  is  excreted  in  great  quantities  by  the  kidneys.  It  is  hence 
found  in  most  febrile  states,  and  in  all  the  conditions  under  which 
the  respiration,  or  rather  the  process  of  oxidation  in  the  blood  is 
interfered  with.  Crystals  of  free  uric  acid  are  seldom  found  in 
recently  voided  urine  (the  acid  fermentation  rarely  takes  place  in 
the  bladder) ;  usually  the  rhomboidal  crystals  of  free  uric  acid 
separate  after  the  urine  has  stood  a  longer  or  shorter  time;  in 
pathological  urine,  especially  that  of  fever,  the  deposit  of  such 
crystals  takes  place  in  two  or  three  hours.  Urate  of  ammonia  is  not 
found  alone  as  a  constituent  of  a  urinary  sediment ;  usually  there 
are  mingled  with  it  mucus,  crystals  of  the  triple  phosphate,  and 
amorphous  molecules  of  phosphate  and  carbonate  of  lime,  as  it  only 
occurs  in  urine,  when  the  latter  has  undergone  the  alkaline  ferment- 
ation ;  it  is  hence  generally  formed  out  of  the  organism  ;  but  in 
vesical  catarrh  of  long  standing,  and  especially  in  paralysis  of  the 
bladder,  it  is  met  with  in  recently  voided  urine.  It  may  be  recog- 
nized by  the  naked  eye  in  the  sediment  as  white,  opaque  granules ; 
under  the  microscope,  it  has  the  appearance  of  dark  brown,  scarcely 
translucent    globules,  beset    here    and    there  with    fine  needles. 
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Crystals  of.  phosphate  of  magnesia  and  ammonia  (triple  phosphate) 
occur  only  in  neutral  and  alkaline  urine.  The  octohedral  crystals 
of  oxalate  of  lime  occur  not  seldom  in  the  urine ;  it  is  not  impro- 
bable that  the  oxalic  acid  is  formed  from  other  substances  in  the 
acid  fermentation  of  the  urine ;  at  least,  oxalate  of  lime  is  often 
visible  only  after  the  deposition  of  crystals  of  uric  acid ;  true  sedi- 
ments, however,  of  oxalate  of  Hme  often  appear  in  the  urine,  e.  g., 
in  rachitis,  after  epileptic  convulsions,  in  the  convalescence  from 
typhus  (in  the  latter,  generally  with  slight  catarrh  of  the  bladder). 
Among  the  most  rare  of  the  spontaneous  deposits  in  the  urine  is 
cystin,  which  contains  much  sulphur,  and  appears  in  six-sided 
plates.  On  what  pathological  processes  the  appearance  of  this  sub- 
stance in  the  urine  depends,  is  entirely  unknown.     Of  the  chemical 

Fig.  19. 


Crystals  of  the  triple  phosphate,  1,  2.  Prismatic  formation  in  various  positions,  3,  4. 
The  same,  slightly  modified.  This  form  occurs  usually  in  the  alkaline  fermentation  of  urine  ; 
while  the  stellar  and  foliate  crystals,  5,  6,  7,  are  produced  when  ammonia  is  added  to  recent 
urine.     10,  Urate  of  ammonia. 

constituents  in  solution  in  the  urine,  urea  is  far  the  most  important. 
That  the  excretion  of  this  substance  by  the  urine  is  subject  to  very 
important  variations,  has  already  been  remarked  (p.  65).  It  should 
also  be  remembered  that  the  kind  of  food,  and  next  to  this  the 
quantity  of  water  simultaneously  secerned,  have  great  influence 
over  the  amount  of  urea  which  is  excreted.  With  regard  to  the 
latter  circumstance,  experiments  on  men  and  animals  have  proved 
that  an  increased  secretion  of  water  .is  accompanied  by  an  increased 
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discharge  of  urea.  Thus,  e.  g.,  with  1000  grains  of  urine  on  an 
average,  33  grains  of  urea  are  discharged  in  24  hours,  with  2000 
grains,  about  42  grains,  and  with  3000  grains,  about  50  grains. 
The  specific  gravity  of  the  urine  hence  stands  in  a  certain  pro- 
portion to  its  content  of  urea,  or  to  the  amount  of  urea  excreted 
in  a  given  time.  Thus  when  the  specific  gravity  of  human 
urine  =  1.0135,  in  which  1.5  per  cent,  of  urea  are  contained,  42,135 
grains  of  urine  are  discharged  in  24  hours ;  when  the  spec.  grav. 
=  1.027  with  a  per  centage  of  3.75  of  urea,  only  16,592  grains  of 
urine  are  discharged.  The  influence  of  diet  upon  the  amount  of 
urea  excreted  is  more  important,  and  has  been  more  thoroughly 
investigated.  By  numerous  experiments  upon  men  and  animals, 
the  following  relations  have  been  placed  beyond  doubt.  After  the 
use  of  meat  and  other  nitrogenised  food,  the  whole  of  the  nitrogen 
contained  in  it  is  not  excreted  in  the  shape  of  urea ;  if  the  nitro- 
genised food  is  sufficient  for  the  restoration  of  the  organic  elements 
which  have  become  effete,  ^  of  the  nitrogen  which  is  taken  up  is 
discharged  in  other  ways  and  means  than  by  the  formation  of  urea ; 
only  |  of  the  nitrogen  absorbed  appears  in  the  urine  as  urea.  If 
more  nitrogenised  food  is  taken,  a  perceptible  increase  of  urea  takes 
place  in  the  urine ;  the  deficit  of  [nitrogen  in  the]  urea  remains, 
absolutely  considered,  constant;  but  in  relation  to  the  amount  of 
urea  excreted,  it  may  amount  to  £,  |-,  or  even  ^.  A  part  of  the 
nitrogenised  food  taken  up  also  often  remains  in  the  body,  and  is 
there  applied  to  the  formation  of  cells  and  tissues ;  hence,  in  such 
cases,  still  less  urea  is  found  than  was  to  be  expected  from  the 
quantity  of  nitrogenised  material  consumed. 

That  urea  is  excreted  constantly  in  the  urine  during  abstinence 
from  food,  is  a  fact  conceded  on  all  sides ;  it  is  worthy  of  remark, 
however,  that  the  excretion  of  urea  which,  in  the  absence  of  nitro- 
genised food,  arises  from  the  consumption  of  the  constituents  of  the 
organs,  becomes  considerably  less  when  non-nitrogenised  articles 
of  diet,  c.  g.,  fat  or  starch,  are  partaken  of. — As  after  the  reception 
of  protein  bodies,  so  also  after  partaking  of  gelatin,  the  quantity  of 
urea  in  the  urine  is  rapidly  augmented,  but  always  in  direct  pro- 
portion to  the  amount  of  the  gelatin  taken  in,  i.  e.,  nothing  is 
retained  from  gelatin  in  the  body ;  without  being  applied  to  the 
redintegration  of  the  organic  elements,  it  is  decomposed  in  the  blood, 
so  that  urea  passes  into  the  urine  as  a  product  of  its  disintegration. 
An  accelerated  movement  of  the  blood,  or  so-called  febrile  excite- 
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merit,  whether  caused  by  certain  medicinal  substances,  or  by  divi- 
sion of  the  par  vagum  on  both  sides,  is  followed,  according  to 
several  observations,  by  an  abundant  excretion  of  urea  ;  a  retarded 
movement  of  the  blood,  on  the  other  hand,  is  accompanied  with  a 
diminution  of  the  amount  of  urea  separated. 

Uric  acid  which,  as  mentioned  above,  is  generally  found  combined 
with  soda,  occurs  in  human  urine  normally  only  in  small  quantities, 
averaging  about  0.1  per  cent.  In  24  hours  an  adult  voids  7.7  to  13.9 
grains  of  uric  acid.  Its  quantity  in  the  urine  is  much  less  dependent 
upon  the  nature  of  the  food  taken,  than  upon  the  internal  conditions 
of  the  organism.  In  all  cases  where  the  nutrition  is  interfered  with, 
by  disturbed  digestion,  diseases  of  the  organs  of  respiration,  in  all 
febrile  movements,  the  quantity  of  uric  acid  increases  in  the  urine. 
It  occurs  only  in  small  quantities  in  the  urine  of  carnivorous  mam- 
malia, in  that  of  herbivora,  not  at  all ;  it  is  found  abundantly  in  the 
urine  of  serpents,  birds,  and  insects.  The  urine  of  calves  while 
sucking,  contains  no  hippuric  acid,  but  uric  acid  and  allantoin. 
Hippuric  acid,  which  has  lately  been  artificially  prepared  from 
chloride  of  benzoyle,  and  glycin-oxide  of  zinc  [C4  H4  N03.  Zn  0],  is 
principally  contained  in  the  urine  of  herbivorous  mammalia,  and 
occurs  constantly  in  the  urine  of  man,  under  vegetable  or  mixed  diet. 
It  is  found  in  human  urine  in  quantities  hardly  greater  than  uric  acid. 
Its  relative  amounts  in  pathological  conditions  are  almost  wholly 
unknown  ;  it  is  found  in  diabetic  urine  as  constantly  as  in  normal. 
After  the  use  of  benzoic  acid  the  quantity  of  hippuric  acid  is  con- 
siderably increased.  Cynuric  acid,  the  chemical  composition  of 
which  has  not  hitherto  been  exactly  ascertained,  has  only  been 
found  in  the  urine  of  the  dog  in  very  small  quantities.  Greatin  and 
creatinin  are  integral  constituents  of  the  urine ;  but  exact  quantita- 
tive determinations  of  them  have  not  been  made.  Formic  acid 
presents  itself  occasionally  in  the  urine  of  healthy  individuals, 
although  in  very  small  quantities.  Lactic  acid  is  not  found  in 
normal  human  urine,  but  occurs  very  soon  when  the  process  of 
oxidation  in  the  blood  is  interfered  with;  hence  in  disturbances  of 
digestion,  respiration,  nutrition,  and,  therefore,  in  all  febrile  condi- 
tions ;  it  must  not,  however,  be  forgotten  that  lactic  acid  is  deve- 
loped in  the  urine  by  the  acid  fermentation.  In  the  urine  of 
herbivorous  animals,  it  occurs  especially  after  stall-feeding.  Ex- 
tractive matters,  i.  e.,  materials  not  yet  accurately  examined  chemi- 
cally, occur  in  very  variable  quantities  in  the  urine ;  they  increase 
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considerably  in  diseases.  It  is  worthy  of  remark  that  children  void 
in  24  hours  far  more  extractive  matters,  relatively  to  their  weight, 
than  adults ;  thus  a  child  excretes  about  0.35  of  a  grain,  for  every 
1000  grains  of  its  weight ;  an  adult,  however,  only  0.15  of  a  grain. 
During  abstinence,  the  extractive  matters  appear  in  greater  quan- 
tity in  the  urine,  so  that  their  absolute  amount  exceeds  that  of  the 
absolute  amount  of  the  urea.  The  oxide  of  omichmyle  belongs  at 
present  to  these  extractive  matters,  as  a  substance  not  yet  thoroughly 
investigated.  Not  less  unknown  are  the  coloring  matters  of  the  urine. 
Notwithstanding  the  attention  which  the  latter  have  received,  both 
when  normal  and  abnormal,  neither  in  a  chemical  nor  diagnostic 
aspect  have  they  obtained  any  particular  interest.  Chloride  of 
sodium  and  chloride  of  potassium  are  found  in  large  quantities,  so 
that  an  adult  excretes,  in  only  twenty-four  hours,  nearly  162 
grains  of  chlorine.  '  It  is  found  most  largely  at  mid- day  (not 
immediately  after  dinner-time),  at  night  considerably  less,  towards 
morning  somewhat  more.  Bodily  exercise  increases  the  excretion 
of  chlorine;  most  diseases,  even  a  slight  indisposition,  diminish  it. 
Even  when  no  chlorine  compounds  are  received  from  without 
chlorine  is  always  excreted,  combined  with  a  metal  of  the  alkalies. 
When  a  great  deal  of  chlorine  is  received  from  without,  more  than 
usual  is  secreted  soon  by  the  kidneys,  but  not  all ;  the  rest  must 
leave  the  organism  in  some  other  way.  The  diminution,  or  even 
the  entire  disappearance  of  chlorine  in  the  urine,  is  principally 
observable  in  diseases  accompanied  with  the  secretion  of  large  exu- 
dations, e.  g.,  in  acute  dropsy,  acute  Bright's  disease,  acute  tuber- 
culosis, in  violent  diarrhoeas,  in  cholera,  typhus,  and  especially  in 
pneumonia.  Sulphates  are  found  constantly  in  the  urine,  although 
in  very  variable  quantities.  An  adult  discharges,  on  the  average, 
in  twenty-four  hours,  31.4  grains  of  sulphuric  acid,  i.  e.,  0.32 
grains  for  each  1000  grains  of  his  weight.  During  the  period  of 
digestion,  the  quantity  of  sulphuric  acid  excreted  increases,  at  night 
it  diminishes,  and  reaches  its  minimum  during  the  morning.  Only 
very  violent  bodily  exercise  or  psychical  excitement  increases  the 
excretion  of  the  sulphates.  Fasting  does  not  diminish  it  in  the  first 
twenty-four  hours.  Sulphates  of  the  alkalies,  taken  pure,  are  en- 
tirely excreted  during  the  next  eighteen  or  twenty-four  hours. 
Observations  are  still  wanting  which  might  lead  us  to  safe  results 
as  to  the  variations  in  the  excretion  of  sulphuric  acid  in  diseases. 
Acid  phosphate  of  soda  is  also  contained  in  normal  urine,  and  gives 
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rise  principally  to  its  acid  reaction ;  together  with  this,  phosphate 
of  lime  and  of  magnesia  are  constantly  found  in  no  small  quantity. 
An  adult  discharges  by  the  urine  in  twenty-four  hours,  on  an 
average,  49.4  to  80.2  grains  of  phosphoric  acid  (0.64  of  a  grain  to 
1000  grains  of  weight).  After  the  ingestion  of  food,  the  quantity 
of  phosphoric  acid  excreted  rises  materially ;  considerably  more  is 
excreted  at  night  than  in  the  morning.  After  partaking  abundantly 
of  protein  bodies,  the  quantity  of  phosphates  excreted  is  much 
increased,  during  fasting  much  diminished.  As  to  the  variations  in 
the  amount  of  phosphoric  acid  in  the  urine  in  diseases,  no  harmo- 
nious results  have  as  yet  been  obtained ;  this  much  only  seems  cer- 
tain, that,  in  acute  affections  of  the  nerve-substance,  the  phosphates 
are  found  in  greater  quantities  in  the  urine.  From  an  adult  about 
1 5.4  grains  of  earthy  phosphates  are  excreted  in  twenty-four  hours ; 
but  this  amount  is  liable  to  very  great  variations,  according  to  the 
nature  of  the  diet.  In  the  urine  of  small  children  and  of  pregnant 
women,  the  quantity  of  phosphate  of  lime  often  diminishes  mate- 
rially ;  in  the  latter  (especially  from  the  sixth  to  the  eighth  month 
of  pregnancy)  occasionally  so  much  so  that  no  lime  can  be  detected. 
In  normal  human  urine,  the  proportion  of  phosphate  of  lime  to  phos- 
phate of  magnesia  is  likewise  somewhat  variable,  but  on  the  average 
=  15 :  7.  Traces  of  iron  and  silicic  acid  are  usually  found  in  the 
urine.  Oases  are  also  dissolved  in  the  urine,  especially  carbonic 
acid  and  a  little  nitrogen.  The  free  acid  of  the  urine  is  subject 
obviously  to  numerous  variations.  That  discharged  by  an  adult  in 
twenty-four  hours  corresponds  to  about  35.5  grains  of  oxalic  acid. 
During  the  period  of  digestion,  the  quantity  of  free  acid  in  the 
urine  is  a  medium  one ;  during  the  night  it  reaches  its  maximum, 
and  during  the  morning  hours,  its  minimum. 

The  quantity  of  water  in  the  urine,  even  under  physiological 
circumstances,  is  extremely  different.  Unfortunately,  exact  ex- 
periments are  yet  wanting  by  which  the  influence  of  each  indi- 
vidual physiological  moment  upon  the  amount  of  the  excretion  of 
water  by  the  kidneys,  might  be  ascertained.  According  to  the 
experience  of  the  majority  of  observers,  after  the  use  of  very 
large  quantities  of  water,  more  than  usual  solid  constituents  ap- 
pear to  be  excreted  with  the  urine.  In  about  six  hours,  the  super- 
abundant quantity  of  water  taken  up  is  again  discharged.  After 
considerable  addition  of  water  to  the  blood,  e.  g.,  by  injection  into 
the  veinSj  the  urinary  excretion  is  by  no  means  correspondingly 
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increased.  After  the  cold  bath,  water  is  separated  by  the  kid- 
neys in  the  largest  quantity.  Shortly  after  a  meal,  absolutely  and 
relatively  less  water  and  more  solid  constituents  are  secreted  by 
the  urine.  That  the  description  of  the  stools,  and  a  more  or  less 
abundant  transpiration  (which  again  depends  upon  the  external 
temperature,  the  degree  of  humidity  of  the  atmosphere,  bodily 
exercise,  &c),  are  of  important  influence  upon  the  excretion  of 
water,  is  self-evident ;  but  the  amount  of  consequence  of  each  ope- 
rating moment  is  not  yet  ascertained  by  exact  investigations. 

Many  substances  accidentally  or  purposely  introduced  into  the 
organism  pass  unaltered  into  the  urine;  others  undergo  changes,  and 
others  do  not  pass  into  it  at  all.  In  general,  it  may  be  assumed,  that 
those  substances  only  (not  belonging  to  the  articles  of  food)  pass  into 
the  urine  which  are  easily  soluble  in  water,  and  enter  into  no  insolu- 
ble compounds  with  the  constituents  of  the  animal  body,  and  which 
moreover,  are  not  readily  oxidizable  or  decomposable.  Hence 
nitrates,  chlorates,  borates,  carbonates,  and  silicates  of  the  alkalies, 
chlorides,  bromides  and  iodides  of  potassium  and  sodium  pass  unal- 
tered into  the  urine ;  while,  e.  g.,  sulphuret  of  potassium  is  oxidized, 
and  appears  in  the  urine  as  sulphate  of  potassa.  Many  substances 
which  form  insoluble  compounds  with  animal  matters,  especially 
with  albuminates,  only  occur  in  the  urine  when  introduced  into  the 
body  in  large  quantities ;  to  these  belong,  e.  g.,  all  the  salts  of  the 
metals.  Many  organic  substances  undergo  in  the  animal  organism 
the  same  changes  which  are  capable  of  being  produced  by  various 
oxidizing  processes;  the  products  of  oxidation  then  show  them- 
selves in  the  urine,  e.  g.,  as  in  the  case  of  salicin.  Some  are  fully 
oxidized  to  carbonic  acid  and  water,  and  hence  cannot  be  detected 
by  their  products  of  decomposition  in  the  excretions,  e.  g.,  mannite 
quinine,  &c.  Although  oxidation  of  the  materials  ingested  generally 
takes  place,  we  sometimes  meet  with  deoxidations  of  highly  oxidized 
substances;  thus,  ferricyanide  of  potassium  appears  in  the  urine  as 
the  ferrocyanicle.  Sulphocyanide  and  ferrocyanide  of  potassium 
baryta-salts,  and  ammonia-salts  pass  unchanged  into  the  urine  as 
also  most  of  the  organic  acids.  Tannic  acid  is,  however,  changed 
into  gallic ;  benzoic  and  cinnamic  pass  into  hippuric ;  uric  acid  is 
decomposed  into  urea,  oxalic  acid,  carbonic  acid,  and  water.  The 
neutral  salts  of  the  alkalies,  with  the  vegetable  acids,  re-appear  in 
the  urine  as  carbonates,  on  account  of  which  the  urine  speedily 
becomes  alkaline  after  their  reception.  Quinine  and  urea  pass  unal- 
13 
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tered  into  the  urine ;  on  the  other  hand,  anilin,  thein,  theobromin, 
allantoin,  alloxanthin,  amygdalin,  asparagin,  and  phlorrhizin  are  not 
again  detectable  in  the  urine.  Salicin  is  transformed  in  the  organism 
to  saligenin,  salicylous  and  salicylic  acids,  which  appear  in  the  urine. 
Coloring  and  odoriferous  matters  in  general  pass  unchanged,  or 
slightly  modified,  into  the  urine.  The  following  substances  do  not 
reappear:  camphor,  resin,  inflammable  oil,  musk,  alcohol,  ether, 
cochineal,  litmus,  chlorophyll,  and  the  coloring  principle  of  alkanet. 
The  rapidity  with  which  many  substances,  hurrying  through  the 
animal  organism,  appear  in  the  urine,  is  very  different;  yet,  as  a 
rale,  it  is  the  greater  the  more  soluble  and  indifferent  to  the  animal 
substances  the  material  is.  Iodide  of  potassium  often  appears  in  the 
urine  after  four  to  ten  minutes. — The  time  is  as  various  during  which 
a  substance  may  remain  in  the  organism :  on  an  average,  it  is  the 
less  the  more  soluble  and  indifferent  the  substance  is ;  it  stands,  there- 
fore, in  a  direct  ratio  to  the  rapidity  of  its  passage  into  the  urine. 

In  diseases,  abnormal  constituents  occasionally  occur  in  the  urine; 
they  are — 

Albumen. — This  enters  the  urine  from  the  blood,  first  when  the 
circulation  of  the  blood  in  the  capillaries  of  the  kidney  is  disturbed, 
as  happens  in  diseases  of  the  heart  or  lungs,  or  tumors  in  the  abdo- 
men ;  also  by  a  greater  degree  of  wateriness  of  the  blood,  hence  usually 
accompanying  dropsy;  also  in  renal  catarrh  and  Bright's  disease, 
whether  this  be  accompanied  with  the  phenomena  of  uraemia  or  not. — 
Casein,  which  was  believed  to  have  bee  a  found  in  chylous  urine,  has 
not  yet  been  detected  with  scientific  accuracy. — Fat  is  found  only  in 
very  small  quantities  in  the  urine,  often  not  at  all;  it  is  most  com- 
monly met  with  after  the  use  of  very  fatty  articles  of  diet.  Isolated 
fat-globules  appear  not  seldom  in  the  urine  in  diseases  accompanied  by 
rapid  wasting,  especially  in  the  so-called  chylous  urine.  In  Bright's 
disease,  especially  when  the  fatty  metamorphosis  has  commenced 
in  the  kidneys,  fat-globules  are  frequently  found  in  the  tubular  casts, 
and  also  suspended  free  in  the  urine. — Under  physiological  circum- 
stances, sugar  very  rarely  passes  into  the  urine  so  as  to  be  recog- 
nizable ;  it  has  been  found  after  the  ingestion  of  large  quantities  of 
saccharine  food;  it  must,  however,  be  remembered  that  sugar  de- 
composes very  rapidly  in  the  urine,  and  hence  is  probably  often 
decomposed  in  the  bladder,  or  undergoes  transformations  during  the 
chemical  treatment.  It  may  thus  pass  from  the  kidneys  into  the 
urine  much  more  often  than  it  is  detected  chemically.    According 
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to  experiments  upon  animals,  sugar  appears  to  pass  in  normal  con- 
ditions into  the  urine  only  when  it  is  accumulated  in  the  blood  to 
the  extent  of  0.4  to  0.5  per  cent.  In  diabetes  mellitus,  sugar  passes 
into  the  urine  when  the  blood  contains  far  less  sugar  than  in  the 
just  mentioned  physiological  experiments.  Besides  in  diabetes,  sugar 
is  found  in  the  urine  occasionally  in  disturbed  or  suddenly  checked 
secretion  of  milk,  in  Bright's  degeneration  of  the  kidneys,  and  when 
the  circulation  of  the  blood  in  the  renal  capillaries  is  delayed. — Bile- 
pigment  and  bile  acids  occur  in  the  urine  in  nearly  all  varieties  of 
icterus ;  it  is  worthy  of  remark  that  occasionally  in  pneumonia  the 
bile  acids  pass  into  the  urine  without  bile-pigment  being  found  with 
them. — Butyric  acid  occurs  but  rarely  and  in  small  quantities  in  the 
urine. — Ammonia  salts  are  not  found  in  healthy  recent  urine ;  they 
are  formed,  as  a  rule,  in  the  acid,  and  especially  in  the  alkaline  fer- 
mentation of  urine;  in  acid  pathological  urine,  the  occurrence  of 
ammonia  is  not  unusual — e.  g.,  in  typhus,  measles,  scarlatina.  In 
alkaline  urine,  ammonia  is  almost  constantly  contained,  for  the  alka- 
line reaction  either  depends  directly  upon  ammonia  formed  in  con- 
sequence of  the  decomposition  of  the  urea,  especially  in  vesical 
catarrh ;  or  upon  carbonates  of  the  alkalies,  which  soon  cause  de- 
composition of  the  urea;  hence  ammonia,  urate  of  ammonia,  and 
ammonio-phosphate  of  magnesia  always  occur  in  herbivorous  ani- 
mals, which  excrete  alkaline  urine,  and  in  man  after  the  ingestion 
of  carbonates  or  vegetable  acid  salts  of  the  alkalies,  when  they 
render  the  urine  alkaline  (see  above,  p.  187,  urate  of  ammonia  and 
ammonio-phosphate  of  magnesia).  Whether  nitric  acid  can  appear 
in  the  urine  without  being  introduced  from  without,  is  still  doubt- 
ful ;  it  is  certain,  however,  that  the  assertion  that  after  the  reception 
of  ammonia-salts  nitric  acid  is  found  in  the  urine,  is  founded  upon 
a  mistake. 

So  many  different  external  and  internal  conditions  influence 
the  amount  of  the  urinary  excretion,  that  they  can  be  reviewed 
entirely  neither  in  general  nor  in  special  cases.  While  an  approxi- 
mative conception  may  be  formed  of  the  remoter  influences  of 
the  excretion,  and  their  relations  to  its  amount,  we  are  still  by 
no  means  perfectly  enlightened  as  to  the  proximate  conditions  of 
the  excretion  of  the  urine,  and  of  its  variations  in  amount.  In 
reference  to  the  latter,  two  factors  are  to  be  considered,  namely,  the 
mechanical  conditions  for  the  passage  of  the  urine  through  the  kid- 
neys, and  the  constitution  of  the  blood.     We  have  already  men- 
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tioned  that  when  the  current  of  blood  in  the  capillaries  is  retarded, 
albumen  occurs  in  the  urine;  it  certainly  depends  upon  the  rapidity 

Fig.  20. 


Small  Portion  of  Kidney,  showing  its  Structure.— 1. 2,  3.  Tutrali  urinifera  terminat- 
ing in  loops  or  ccoeal  extremities.  4,  5,  6.  Convergence  of  the  tubules  in  the  medullary 
portion.  7,  7.  Corpora  Malpighiana,  supplied  from  an  arterial  twig,  8,  and  connected  with 
a  venous  capillary  plexus  surrounding  the  tubules. 
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of  the  circulation  in  the  finer  renal  vessels  whether  more  or  fewer 
solid  constituents  pass  from  the  Malpighian  tufts  into  the  canaliculi 
contorti.  As  the  vessels  leading  from  the  Malpighian  bodies  have 
a  smaller  diameter  than  those  forming  the  bodies,  an  increased 
pressure  must  take  place  upon  the  walls  of  the  former,  by  means 
of  which  the  excretion  of  urine  is  probably  occasioned ;  by  the  ves- 
sels surrounding  the  canaliculi  contorti  the  water  is  again  absorbed 
from  the  urine  contained  in  the  latter,  the  urine  thus  becoming 
more  concentrated.  It  has  also  been  proved,  by  direct  experiment, 
that  the  lateral  pressure  in  the  arterial  system  of  the  kidneys  exerts 
a  powerful  influence  upon  the  urinary  excretion ;  when  the  tension 
of  the  blood  in  these  vessels  is  raised,  it  increases;  in  the  reverse 
case,  it  diminishes.  Since  in  the  canaliculi  contorti  the  fluid  ex- 
creted gives  up  water  to  the  blood  again,  it  is  explicable  why  rapidly 
excreted  urine  is  watery,  and  that  slowly  excreted  concentrated,  and 
why  the  urine  never  exceeds  a  certain  degree  of  concentration. 
That  the  tension  in  the  circulatory  system  depends  upon  nervous 
influence,  &c,  it  is  scarcely  necessary  to  mention.  Thus,  direct 
experiments  have  shown  that  by  excitement  of  the  vagi  nerves  the 
tension  of  the  arterial  system  is  diminished,  and  consequently  the 
excretion  of  urine  is  diminished. — The  relation  of  the  character  and 
composition  of  the  blood  to  the  urinary  excretion  has  been  less 
carefully  investigated,  although  it  is  obvious  that  the  more  excre- 
tory urinary  constituents  there  are  contained  in  the  blood,  and  the 
more  watery  the  blood  is,  the  more  urine  must  be  excreted.  The 
quantity  of  urine  voided  daily  by  an  adult  man  may  vary  from 
8,500  to  54,000  grains;  on  an  average,  from ,18,500  to  23,150  grains 
are  voided.  For  1000  grains  of  weight,  an  adult  discharges,  on 
the  average,  401.3  grains;  a  child,  725.5  grains.  The  quantity  of 
urine  excreted  is  usually  greatest  after  partaking  of  the  midday 
meal ;  at  night  it  decreases,  and  rises  again  in  the  morning  hours. 
Though  the  different  proportion  of  water  is  the  principal  cause  of 
these  variations  in  the  whole  quantity  of  the  urine,  the  amount 
of  solid  constituents  thus  excreted  is  also  liable  to  considerable 
variation,  according  to  the  quantity  and  nature  of  the  food  taken; 
from  617.4  to  1234.7  grains  of  solid  matters  may  be  discharged 
by  an  adult  in  twenty-four  hours  by  the  urine.  As  principally 
nitrogenised  excretory  products  and  salts  of  the  alkalies  pass  into 
the  urine,  it  is  readily  seen  that  nitrogenised  food,  and  hence  animal 
diet,  will  effect  an  increase  of  the  solid  constituents  of  the  urine; 
and  that,  moreover,  a  more  active  metamorphosis  of  tissue,  which 
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takes  its  course  principally  in  the  nitrogenised  tissues  of  the  animal 
body,  must  be  of  influence  upon  the  amount  of  this  factor.  If  the 
tissue-metamorphosis  is  less,  as  in  most  diseases,  far  less  solid  sub- 
stances will  be  excreted  by  the  kidneys.  Further,  if  the  blood  is 
poor  in  albuminates,  and  abundant  in  salts,  the  solid  normal  con- 
stituents of  the  urine  are  materially  diminished,  as  is  proved  by 
observations  on  Bright's  disease,  as  also  by  direct  experiments  with 
injections  of  salts  into  the  blood.  The  quantities,  also,  of  mineral 
constituents  excreted  with  the  urine  are  subject  to  very  great  varia- 
tions, viz:  between  108  and  355  grains  in  twenty-four  hours,  averag- 
ing about  231.5  grains.  If  we  examine  the  constitution  of  the  urine 
according  to  different  physiological  categories,  we  find  as  follows: — 

The  urine  of  women  is  richer  in  water,  and  poorer  in  salts  and  in 
urea,  than  that  of  men;  especially  is  this  the  case  during  pregnancy; 
as  watery  urine  becomes  alkaline  much  more  easily  than  concen- 
trated, the  urine  of  pregnant  women  readily  undergoes  the  alkaline 
fermentation;  on  account  of  its  content  of  mucus,  it  often  froths, 
and  forms,  on  its  upper  surface,  in  its  decomposition,  a  film,  pre- 
viously called  kyestein,  consisting  of  triple  phosphate  and  fungus, 
and  formerly  regarded  as  peculiar  to  the  urine  of  pregnant  women. 

As  regards  the  urinary  excretion,  at  different  periods  of  life,  the 
same  holds  good,  as  of  tissue  metamorphosis  in  general.  Men  in 
the  prime  of  life,  in  whom  the  metamorphosis  is  most  active,  secern 
most  urine-constituents.  If  the  quantities  of  urine  excreted,  how- 
ever, are  compared  with  the  bodily  weights,  nearly  twice  as  much 
is  discharged  by  children  as  by  adults.  No  differences  have  been 
detected  (at  least  with  certainty)  in  the  nature  of  the  chemical 
constituents  of  the  urine,  with  regard  to  the  period  of  life.  Suffi- 
cient has  already  been  said  as  to  the  influence  of  digestion,  and  of 
the  articles  of  diet. 

Besides  what  has  been  already  stated  under  the  abnormal  con- 
stituents of  the  urine,  but  little  is  to  be  said,  with  certainty,  as  to 
the  composition  of  the  urine  in  diseases.  As  the  condition  of  the 
nutritive  processes  is  generally  reflected  in  it,  it  will  have,  in 
diseases,  a  constitution  corresponding  to  the  pathologically  modi- 
fied tissue-metamorphosis.  We  need  here  only  refer  to  the  urine 
in  fever,  and  those  conditions  of  debility  accompanied  by  this  or 
that  disease,  which  we  call  anosmia,  &c.  The  urine  of  fever  is 
generally  of  a  deeper  tinge,  dark  yellow,  reddish,  or  reddish- 
brown,  of  greater  specific  gravity,  somewhat  stronger  odor,  and 
very  acid  reaction.     Far  less  urine  is  excreted,  in  equal  periods,  in 
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fever,  than  in  the  healthy  state ;  it  appears  only  to  be  more  concen- 
trated, as  the  separation  of  water,  by  the  kidneys,  is  relatively  much 
more  decreased,  than  that  of  the  solid  constituents.  In  the  urine  of 
fever,  we  find,  very  constantly,  a  relative  and  absolute  diminution 
of  the  inorganic  salts,  and  an  increase  in  uric  acid.  The  diminu- 
tion of  the  salts  concerns  especially  the  chloride  of  sodium,  which 
often  disappears  entirely  in  exudative  inflammations.  Urea  is 
relatively  diminished,  the  extractive  matters  somewhat  increased, 
and  lactic  acid  may  be  detected.  The  urine  of  ancemia  is  pale,  of 
feebly  acid  reaction,  becomes  readily  alkaline,  the  organic  constitu- 
ents much  diminished;  the  salts,  on  the  other  hand,  at  least  rela- 
tively, increased.  All  that  is  necessary  has  been  said  already,  con- 
cerning diabetic  urine,  that  of  Bright's  disease,  &c.  With  reference 
to  the  urine  of  animals,  the  following  holds  good :  The  urine  of  the 
swine,  the  only  omnivore  which  has  hitherto  been  accessible  for 
observation,  is,  usually  (*.  e.,  under  the  well-known  vegetable  mast- 
feeding),  clear,  almost  odorless,  evidently  alkaline,  effervesces  with 
acids,  becomes  cloudy  on  boiling,  while  the  bicarbonates  of  the 
alkalies  are  changed  into  carbonates ;  it  contains  neither  hippuric 
nor  uric  acid,  nor  ammonia  salts,  traces  merely  of  phosphates,  but 
together  with  urea  (about  0.4  per  cent.),  salts  of  sulphuric  acid,  and 
chlorides  of  the  alkali-metals,  there  are  contained  in  it  lactates  of 
the  alkalies.  The  urine  of  the  carnivora  is  clear,  very  light  yellow, 
of  unpleasant  odor,  disagreeable  bitter  taste  and  acid  reaction,  easily 
becoming  alkaline.  Uric  acid  is  often  not  to  be  detected,  or  exists 
only  in  traces.  "When  carnivora  are  fed  with  vegetables,  the  urine 
becomes  cloudy,  alkaline,  and  altogether  like  that  of  the  herbivora. 
The  urine  of  the  herbivora  is  yellowish,  cloudy,  of  a  disagreeable 
odor,  alkaline ;  contains,  besides  urea,  hippuric  acid,  lactates  of  the 
alkalies,  and  carbonates  of  the  alkalies  and  earths,  oxalate  of  lime, 
but  few  phosphates,  and  no  uric  acid.  When  herbivora  are  fed 
upon  purely  animal  food,  the  urine  takes  on  the  same  peculiarities 
as  that  of  the  carnivora.  Hence  the  urine  of  calves  while  sucking 
shows  a  different  composition  from  that  of  those  which  are  fed ;  it 
resembles  the  fluid  of  the  allantois  of  the  fcetal  calf.  Such  calves' 
urine  is  clear,  almost  colorless,  odorless,  of  strongly  acid  reaction, 
containing  uric  acid,  and  especially  allantoin,  besides  urea,  but  no 
hippuric  acid;  its  content  of  phosphate  of  magnesia  and  potash 
salts  is  considerable,  while  that  of  phosphates,  sulphates,  and  soda 
salts  is  very  small.  The  urine  of  birds,  as  also  that  of  serpents,  con- 
sists almost  solely  of  acid  urates,  a  little  urea,  and  phosphates  of 
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the  earths.  The  urine  of  frogs  is  fluid,  contains  urea,  common  salt, 
and  a  little  phosphate  of  lime.  Tortoises  void  a  clear  urine,  some- 
times slightly  acid,  sometimes  slightly  alkaline,  containing  urea, 
acid  urates,  hippurates,  always  a  little  fat,  phosphates  and  sulphates, 
chloride  of  sodium  and  chloride  of  potassium.  The»red  excrements 
of  butterflies  consist  almost  entirely  of  acid  urates  of  the  alkalies ; 
those  also  of  most  beetles  and  caterpillars  contain  uric  acid.  Gua- 
nin  is  found  in  the  excrements  of  several  of  the  lower  animals.— 
With  respect  to  the  urinary  concretions,  their  composition  is  some- 
what various ;  but  it  may  be  asserted,  in  general,  that  they  contain 
principally  the  same  constituents  which  we  have  already  described 
as  found  in  the  urinary  sediments,  and  hence  that  their  origin 
corresponds  nearly  with  that  of  the  sediments.  The  great  majority 
of  calculi  are  formed  by  the  commencement  of  the  above-mentioned 
processes  of  fermentation  within  the  bladder,  an  agglomeration  of 
mucus,  which  occurs  in  consequence  of  the  vesical  catarrh  so  fre- 
quently causing,  or  accompanying  these  processes,  forming  the 
foundation  layer  or  nucleus  of  the  concretion.  It  is  to  be  ascribed 
to  the  ready  crystallizability  of  free  uric  acid  that  the  acid  fermenta- 
tion of  urine,  especially,  disposes  to  the  formation  of  calculi;  hence, 
also,  we  find  more  commonly  the  nuclei  of  the  concretions  consist- 
ing of  uric  acid  crystals,  than  the  whole  concretions  composed  of  it. 
Since,  by  the  concretion,  when  once  formed,  or  by  so-called  gravel 
an  irritation  is  excited  in  the  mucous  membrane  of  the  bladder, 
which  is  followed  by  a  more  violent  vesical  catarrh,  by  the  mucus, 
thus  abnormally  secreted,  the  alkaline  fermentation  is  very  soon  set 
up  within  the  bladder ;  the  consequences  of  which  are  that  crystals 
of  triple  phosphate  and  urate  of  ammonia  deposit  upon  the  concre- 
tions of  uric  acid,  already  formed,  molecules  of  phosphate  of  lime 
being  intermingled  in  greater  or  less  quantity.  It  is  not  to  be  won- 
dered at,  that  these  substances  are  mingled,  in  calculi,  in  the  most 
varied' proportions;  for  when  the  urine  is,  e.  g.,  only  neutral,  the 
triple  phosphate  is  deposited,  without  any  urate  of  ammonia.  A 
certain  mixture  of  phosphate  of  lime,  and  phosphate  of  magnesia  and 
ammonia,  gives  rise  to  the  so-called  fusible  calculus.  Oxalate  of  lime 
is  not  usually  contained  in  the  calculi,  which  consist  principally  of 
free  uric  acid ;  urinary  concretions  are  found,  especially  the  mul- 
berry-like, which  consist  principally  of  oxalate  of  lime.  Their 
origin  has  not  been  satisfactorily  ascertained  as  yet.  The  calculi 
consisting  of  cystin  and  those  of  xanthin  are  very  rare;  their  origin 
cannot,  at  present,  be  surmised. 


HISTOCHEMISTRY. 


SCIENCE  OF  THE  ANIMAL  TISSUES. 

The  chemical  investigation  of  the  animal  tissues  presents  in  many- 
respects  still  more  difficulties  than  that  of  the  animal  fluids.  These 
lie  partly  in  the  fact  that  most  of  the  tissues  are  very  intimate  commin- 
giings  of  different  substrata  which  cannot  be  separated  from  each 
other  mechanically ;  and  partly,  that  all  tissues  are  alike  insoluble  in 
the  ordinary  indifferent  menstrua,  and  undergo  such  important  mo- 
difications by  the  more  active  solvents,  that  their  original  constitution 
can  hardly  be  guessed  at.  Hence,  but  little  progress  has  been  made 
in  the  knowledge  of  even  the  simpler  animal  tissues.  The  only 
method  which  can  lead  to  a  more  exact  acquaintance  of  the  consti- 
tutions of  tissues,  and  has  already  so  done  in  part,  is  to  cause  the 
operation  of  different  chemical  reagents  upon  the  simple  tissues 
under  the  microscope,  in  order  to  ascertain  the  chemically  homo- 
geneous tissue- elements.  Microchemistry  has  already  rendered  im- 
portant services  to  Histology,  as  the  true  composition  of  certain 
tissues  (e.  g.  horn,  &c.)  was  first  recognized  by  means  of  it.  In 
physiological  chemistry  it  affords  us  in  a  measure  the  key  with 
which  to  open  the  approach  to  a  rational  investigation  of  the  com- 
position of  animal  tissue ;  for  while  it  allows  us  to  separate  the 
chemically  homogeneous  from  the  chemically  different,  it  often 
gives  us  the  means  to  institute  a  chemical  separation  on  a  large 
scale,  and  thus  subject  the  individual  elements  of  tissue  to  a  pure 
chemical  investigation.  Macrochemical  analysis  must  follow  the 
microchemical.  Although  histochemical  investigations  hitherto 
have  not  led  to  many  general  propositions  and  theories,  a  proposi- 
tion has  been  established  that  the  chemical  nature  of  the  tissue  or 
of  the  important  tissue  elements  always  corresponds  with  their  func- 
tion.    Although  we  know  not  yet  what  causes  render  this  or  that 
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substratum  of  tissue  available  for  one  purpose  and  not  for  another, 
we  see  that  analogously  constituted  substances  are  deposited  only 
in  analogously  constituted  tissues.  In  considering  the  tissues 
chemically,  a  circumstance  must  not  be  overlooked  which  is  usually 
ignored  by  pure  histology,  viz :  the  character  and  composition  of 
the  fluid  saturating  the  tissue.  If  not  proved,  it  may  at  least  be 
supposed  that  this  fluid  materially  affects  the  physiological  function 
of  the  tissue  concerned,  or  is  influenced  by  it.  Closer  investigations 
of  some  of  these  fluids  of  the  tissues  have  not  only  presented  us 
with  their  material  difference  from  the  liquor  sanguinis  and  the 
simple  transudations,  but  also  opened  up  many  interesting  physio- 
logical points  of  observation. 

OSSEOUS  TISSUE. 

The  osseous  substance  of  vertebrata  is  pierced  with  various  cavities 
and  canals,  which  in  fresh  objects  are  filled  with  nutritious  fluids  of 
different  kinds,  and  when  dried  contain  the  non-volatile  constituents 
of  their  previous  contents.  The  largest  of  these  cavities  visible  to 
the  naked  eye,  are  the  large  medullary  cavities  in  the  centre  of  the 
long  bones,  and  the  cellular  spaces  of  the  spongy  bones  and  parts  of 
bones,  as  also  the  so-called  foramina  nutritia  through  which  vessels 
and  nerves  enter  the  bones.  A  second  tubular  system  of  the  proper 
bone-substance,  is  the  so-called  medullary  canals — canals  of  Havers ; 
which,  from  0.01  to  0.05  of  a  line  in  diameter,  traverse  reticulately 
especially  the  compacter  parts  of  bones,  and  discharge  after  fre- 
quently anastomosing  with  each  other,  partly  in  the  great  medul- 
lary cavity  of  the  long  bones  and  the  cellular  spaces  of  the  spongy, 
partly  upon  the  surface  of  the  bones  next  to  the  periosteum.  The 
bone  substance  surrounding  these  cavities  is  pierced  by  still  a  third 
group  of  finer  canaliculi ;  these  are  the  so-called  bone  corpuscles  and 
ductuli  chalikophori.  They  are  filled  with  air  in  dried  bones,  and 
hence  appear  black  under  the  microscope ;  by  means  of  these  elon- 
gated lens-shaped  bone  corpuscles  (lacunas,  bone  cavities)  0.01  of  a 
line  long,  0.00-1  of  a  line  broad,  and  0.003  of  a  line  thick,  and  their 
innumerable  prolongations  (ductuli),  the  substance  of  the  bones 
becomes  exceedingly  porous.  The  marrow  fills  not  only  the  great 
medullary  cavity,  but  extends  also  into  the  cellular  spaces  of  the 
articular  portions  and  of  the  spongy  bones ;  but  not  into  the  Haver- 
sian canals.     While  a  little  cellular  tissue  and  some  bloodvessels, 
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together  with  the  peculiar  medullary  substance,  compose  the  me- 
dulla, bloodvessels  and  the  nerves  accompanying  them  enter  into  the 
canals.  The  bone-corpuscles  and  their  prolongations  are  not  filled 
with  lime-salts,  as  was  previously  supposed,  but  with  a  liquid,  of  the 
chemical  nature  of  which  nothing  is  as  yet  known ;  they  are  also 
not  simple  excavations  in  the  bone,  but  are  surrounded  with  a  pe- 
culiar membrane.  The  bone-substance  lying  between  the  cavities 
just  described,  is  by  no  means  a  perfectly  homogeneous  mass ;  a 
number  of  concentric  rings,  which  are  true  lamellee  of  0.002  to  0.005 
of  a  line  thick,  are  recognized  around  the  bright  spot  (lumen)  of 


Fig.  21. 


Transverse  Section  of  Compact  Bone,  showing  the  ordinary  Appearances. — a.  Ha- 
versian system,     b,  b.  Interstitial  lamina;,     c.  New  Haversian  system  within  an  older  one. 

each  Haversian  canal  (in  good  transverse  sections).  Another  system 
of  these  lamellee  runs  parallel  to  the  external  and  internal  surface 
of  the  bone ;  besides  these,  there  are  found  isolated  groups  of  these 
lamellse  between  the  lamellse  of  the  Haversian  canals.  These  laminae 
again  are  not  homogeneous ;  for  in  them  we  find  an  innumerable 
quantity  of  pale  granules  (of  about  0.0002  of  a  line  in  diameter). 
The  different  morphotic  elements  of  osseous  tissue  cannot  at  present 
be  very  closely  investigated  chemically  ;•  we  only  know  that  while 
the  fundamental  substance  of  bone  consists  of  a  mixture  of  cartila- 
ginous substance  (gelatin-yielding  material)  and  lime-salts,  the 
membrane  lining  the  bone-corpuscles  and  their  prolongations  con- 
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sists  of  an  albuminoid  substance  insoluble  in  boiling  water.  That 
the  granules  which  may  be  recognized  in  the  free  bone  laminae 
consists  of  phosphate  of  lime,  is  very  doubtful. 

The  chemical  investigations  with  reference  to  bone-substance  have 
only  extended  to  the  ascertaining  the  proportion  of  the  principal 
constituents  to  each  other,  in  the  different  portions  of  the  skeleton, 
under  different  pathological  and  physiological  conditions.  All  the 
bones  of  the  vertebrata  contain,  besides  cartilage  substance,  which 
constitutes  the  principal  part  of  all  the  organic  matters,  greater  or 
less  quantities  of  fat,  and  albuminoid  substances  not  yielding  gelatin, 
arising  partly  from  the  bloodvessels  of  the  bones,  and  partly  from 
the  membrane  already  mentioned  which  lines  the  minute  bone 
cavities.  The  inorganic  constituents  of  bone,  which  usually  consti- 
tute more  than  half  of  the  whole  bone-mass,  are  mingled  in  various 
proportions,  and  consist  of  phosphate  of  lime  (3CaO.P05),  which 
always  exists  in  preponderating  amount,  carbonate  of  lime,  a  little 
fluoride  of  calcium,  and  phosphate  of  magnesia.  An  apparently  con- 
stant amount  of  sulphates  of  the  alkalies  in  the  bone-ashes  of  reptiles 
and  fishes  is  worthy  of  notice ;  with  this  exception,  in  the  bone-ashes 
of  most  animals  there  are  found  but  few  soluble  salts,  such  as  chloride 
of  sodium  and  carbonate  of  soda,  which  are  probably  derived  from 
the  fluids  which  permeate  the  bones.  Bone-cartilage,  obtained  by 
prolonged  digestion  of  bones  with  diluted  nitric  or  muriatic  acid, 
forms  when  moist  a  somewhat  elastic,  yellowish,  translucent  sub- 
stance, retaining  the  shape  of  the  original  bone ;  on  drying,  it  be- 
comes hard  and  very  slightly  brittle.  When  sufficiently  treated 
with  acid,  it  leaves  only  a  trace  of  ash ;  its  atomic  constitution  is 
exactly  the  same  as  that  of  the  gelatin  resulting  from  it  by  boiling. 
In  pathologically  altered  bones,  it  is  always  found  of  the  same  cha- 
racter and  composition  as  in  those  that  are  healthy.  In  some  fossil 
bones  only,  does  it  behave  as  gelatin  resulting  from  boiling.  The 
fat  of  the  bones  can  only  belong  in  the  least  degree  to  the  basis 
substance,  as  the  fatty  bone  medulla  does  not  enter  the  Haversian 
canals;  only  in  pathologically  rarefied  osseous  tissue  are  large 
amounts  of  fat  deposited  in  the  excavations  which  have  been  formed. 
The  fat  of  the  bones  is  generally  richer  in  olein,  and  hence  more 
liquid  than  that  of  other  organs  of  the  animal  body.  The  propor- 
tion of  the  mineral  constituents  of  bone  substance  is  nearly  as  fol- 
lows :  57  parts  of  phosphate  of  lime,  8  of  carbonate  of  lime,  1  of 
fluoride  of  calcium,  and  1  of  phosphate  of  magnesia. 
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The  variations  from  these  proportions  of  the  mineral  substances 
of  bone  are  not  often  very  great,  especially  in  the  bones  of  the  same 
individual.  With  regard  to  the  composition  of  the  different  bones 
of  the  same  individual,  the  following  holds  good :  the  bones  of  the 
extremities  are  richer  in  earths  than  those  of  the  trunk ;  the  femur 
and  humerus,  than  the  other  cylindrical  bones ;  those  of  the  skull 
resemble  the  latter  in  this  respect ;  the  metacarpal  and  metatarsal 
bones,  as  also  those  of  the  pelvis,  resemble  those  of  the  trunk ;  the 
ribs  and  clavicles  contain  more  mineral  substance  than  the  vertebrae. 
In  the  thick  bones  (even  when  the  spongy  substance  has  been  re- 
moved, as  far  as  possible),  more  fat  is  constantly  found  than  in  the 
cylindrical.  The  fiat  bones  contain  rather  more  water  than  the 
cylindrical.  In  the  composition  of  the  bones  of  the  two  sexes,  no 
material  difference  is  found.  The  bones  of  children  are  poorer,  and 
those  of  old  persons  richer,  in  mineral  constituents,  than  those  of 
adults.  The  period  of  life  is  without  influence  on  the  proportion 
of  fat.  "With  reference  to  the  bones  of  mammalia,  the  following 
has  been  established :  those  of  the  herbivora  are  somewhat  richer 
in  carbonate  of  lime  than  those  of  the  carnivora ;  those  of  the 
pachydermata  and  cetacea  are  particularly  rich  in  it.  Fat  animals 
also  usually  contain  more  fat  in  their  bones.  The  bones  of  birds 
contain  more  earths  than  those  of  the  mammalia,  especially  those 
of  the  Rasores  (76  per  cent,  or  even  84  per  cent.) ;  the  proportion  of 
carbonate  of  lime,  relatively  to  the  phosphate,  is  slightly  increased. 
The  bones  of  the  graminivorous  birds  always  contain  a  little  silica. 
Fat  is  found  in  the  bones  of  birds  more  largely  than  in  those  of 
mammals:  they  also  appear  to  contain,  on  the  average,  more  water 
than  those  of  the  latter.  The  bones  of  the  amphibia  are  poorer  in 
earths  (55  to  63  per  cent.)  than  those  of  mammals ;  their  ash  always 
contains  sulphate  of  soda.  The  bones  of  fishes  are  still  poorer  (12 
to  57  per  cent.) ;  they  also  contain  sulphate  of  soda,  and  are  richer 
both  in  fat  and  water,  than  those  of  any  other  animals. 

In  nearly  all  pathological  processes  occurring  in  bones,  the  mineral 
substances  are  abstracted  sooner  and  in  larger  quantities  than  the 
organic  matters;  when  partial  wasting,  or  rarefaction  of  the  osseous 
tissue  takes  place,  the  cavities  formed  are  usually  filled  with  fluid 
fat.  When  masses  of  bone  are  again  deposited  in  these  cavities, 
the  organic  matters  still  retain  the  preponderance ;  hence,  even  in 
sclerosed  bones,  far  more  organic  matter  is  found  than  in  normal. 
As  regards  the  proportions  of  the  mineral  constituents  of  diseased 
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bones  to  each  other,  the  carbonate  of  lime  seems  to  increase  and 
diminish  in  proportions  corresponding  to  the  phosphate  of  lime;  but 
in  osteophytes  and-  new  formations  of  bones,  a  larger  quantity  of 
carbonate  of  lime  is  usually  found,  relatively  to  the  quantity  of  this 
salt,  in  normal  bones.  In  determining  the  chemical  composition  of 
fossil  bones,  reference  must  always  be  had  to  the  stratum  from  which 
they  were  derived ;  for  the  mass  in  which  they  have  been  imbedded 
not  only  affects  them  by  infiltrating  readily  into  the  bone-canals, 
as,  e.  g.,  carbonate  and  sulphate  of  lime,  but  also  affects  them  chemi- 
cally, by  transforming  or  decomposing  the  organic  matters,  and  the 
phosphate  of  lime.  It  is,  hence,  easily  seen  why  the  proportion  of 
organic  matters,  in  fossil  bones,  is  so  various ;  there  are  some  which 
scarcely  contain  a  trace  of  organic  substance,  while  others  are  almost 
as  rich  in  it  as  recent  bones.  The  phosphate  of  lime  is  occasionally 
found  arranged  in  small  crystals  of  apatite.  Carbonate  of  lime  is, 
generally,  contained  abundantly  in  these  bones,  partly  infiltrated 
from  without,  partly  arising  from  the  decomposition  of  the  phos- 
phate of  lime  by  the  carbonates  of  the  stratification.  Magnesia  is 
found,  on  the  average,  in  larger  quantities,  in  the  bones  of  fossil 
vertebrata,  than  in  recent  bones.  It  should  be  noticed  that  most 
fossil  bones  are  much  richer  than  the  modern  in  fluoride  of  calcium. 
Alumina,  peroxide  of  iron,  and  silicic  acid,  which  are  often  found  in 
fossil  bones,  are  always  infiltrated. 

DENTAL  TISSUE. 

Every  tooth  consists  of  three  morphotic  parts,  distinct  from  each 
other,  viz:  of  dentine,  enamel,  and  cementum.  The  dentine,  sub- 
stantia tubulosa,  is  a  fusiform  or  wedge-shaped  body  provided  with 
a  club-shaped  cavity  destined  for  the  reception  of  nerves  and 
nutritious  vessels.  Fine  canaliculi  pass  through  it,  diverging  from 
the  cavity  of  the  tooth  toward  the  outer  coat,  near  which  they  sub- 
divide minutely ;  here  and  there  are  found  (instead  of  the  bone 
corpuscles)  in  this  substance,  rounded  cavities,  the  interglobular 
spaces.  The  latter  are  lined  with  a  peculiar  membrane,  insoluble  in 
acetic  acid,  and  in  boiling  water;  they  are  seen  distinctly  when 
the  dentine  is  freed  from  salts  by  dilute  muriatic  acid,  and  the 
cartilage  is  dissolved  by  boiling  in  water.  This  cartilage  yields 
gelatin.  The  mineral  constituents  of  dentine,  like  its  cartilage,  are 
the  same  as  those  of  bone ;  they  amount  to  72  per  cent,  on  the 
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average.  Tlie  enamel,  substantia  vitrea  seu  ada- 
rnantina,  is  a  very  hard  and  somewhat  brittle  com- 
pact mass,  traversed  neither  by  canaliculi  nor 
cavities,  which  consists  of  fibrils  diverging  from 
the  crown  of  the  tooth,  and  resembling  four-  or  six- 
sided  prisms.  When  the  salts  are  abstracted  from 
the  enamel  by  muriatic  acid,  a  sort  of  skeleton 
of  these  prisms  remains  behind  which  does  not 
dissolve  by  boiling,  but  bursts  and  behaves  like 
epithelial  substance  towards  reagents.  Only  2  to 
5  per  cent,  of  organic  matter  is  found  in  the 
enamel.  Much  fluoride  of  calcium  relatively  is 
found  in  it,  with  88  per  cent,  of  phosphate,  and 
7  to  8  per  cent,  of  carbonate  of  lime.  The  cement 
covering  the  neck  and  fangs  of  the  tooth  resem- 
bles ordinary  bone  substance  so  far  that  bone- 
corpuscles  exist  in  it  with  their  prolongations, 
but  no  Haversian  canals  are  to  be  found.  Its 
chemical  constitution  agrees  nearly  with  that  of 
the  bones.  The  molars  contain  on  the  average 
more  mineral  substances  than  the  incisors.  The 
tusks  of  the  elephant  and  wild-boar  are  relatively 
rich  in  organic  matter.  The  teeth  of  the  pachy- 
dermata  contain  more  phosphate  of  magnesia 
than  those  of  other  animals. 


Fie.  22. 


Vertical  Section 
of  Human  Incisor, 
showing  the  gene- 
ral arrangement 
op  its  constituent 
Parts. — The  dentine 
and  pulp-cavity,  tho 
enamel  on  the  crown, 
and  the  bone  on  the 
fang,  are  seen.  a. 
Neck  of  the  tooth. 
Magnified  3  diams. 


CARTILAGINOUS  TISSUE. 

Histologically,  two  species  of  cartilage  are  to  be  distinguished : 
true  cartilage  and  fibro-cartilage.  True  cartilages  consist  of  a 
basis-substance,  at  first  sight  homogeneous  with  numerous  cavi- 
ties, in  which  one  or  several  cells  with  simple  or  compound  nuclei 
are  imbedded.  This  basis-substance  is,  however,  by  no  means 
perfectly  homogeneous ;  as  a  rule,  it  appears  finely  granular, 
often  slightly  fibrous.  By  microchemical  treatment  with  concen- 
trated sulphuric  acid,  and  subsequent  addition  of  water,  it  is  ascer- 
tained that  the  granules  or  fibrils  of  the  intercellular  substance  are 
dissolved  more  slowly  than  the  cartilaginous  substance  found 
between  them.  By  12  to  18  hours'  boiling  with  water  in  the  air, 
or  one  hour's  treatment  with  water  in  Papin's  Digester,  the  whole 


208 


HISTOCHEMISTRY. 


basis-substance  of  the  cartilage  tog-ether  with  the  granules  is  dis- 
solved,  leaving  only  the  cell-formations.      The  intercellular   sub- 


Fig.  23. 


Section  of  the  Branchial  Cartilage  of  Tadpole. — a.  Group  of  four  cells,  separating 
from  each  other,  b.  Pair  of  cells  in  apposition,  c,  c.  Nuclei  of  cartilage  cells,  d.  Cavity 
containing  three  cells. 

stance  only  of  cartilage  affords  chondrin  ;  the  chemical  composition 
of  the  cartilage  cells  is  hence  materially  different  from  that  of  the 
intercellular  substance.  The  former  is  by  no  means  thoroughly 
ascertained ;  it  is  only  known  that  the  nuclei  of  the  cells  resist  the 
action  of  concentrated  sulphuric  acid,  or  potash  ley,  longer  than  the 
cell-membranes;  the  principal  cell-membrane  of  the  mother-cells 
disappears  after  the  prolonged  action  of  acetic  acid.  Fibro-car- 
tilages  contain,  besides  the  ordinary  cartilage-cells,  an  entirely 
fibrous  basis-substance ;  the  fibres  either  run  parallel  to  each  other, 
or  cross  each  other  in  different  directions,  have  usually  dark  sharp 
contours,  and  show  no  traces  of  nuclear  formations.  No  differ- 
ence has  been  found  between  the  composition  of  the  cells  of  this 
cartilage  and  those  of  true  cartilage.  On  the  other  hand,  micro- 
chemical,  as  well  as  macrochemical  researches,  show  that  the 
gelatin  resulting  from  the  fibrous  intercellular  substance  is  not 
identical  with  the  chondrin  of  true  cartilage;  its  solution  gives  only 
a  slight  precipitate  with  tannic  acid,  but  with  alum,  as  chondrin  does, 
a  dense  precipitate,  which,  however,  does  not  redissolve  in  an  excess 
of  the  alum-solution ;  so  also,  bichloride  of  platinum  causes  a  pre- 
cipitate insoluble  in  an  excess  of  the  precipitant.  When  potash  ley, 
sulphuric  acid,  or  concentrated  acetic  acid,  are  caused  to  act  upon 
preparations  of  this  cartilage  under  the  microscope,  the  fibrillation  of 
the  basis-substance  disappears  to  the  eye ;  the  fibres  do  not,  however, 
dissolve,  but  swell  up  gelatinously,  and  thus  become  invisible.     In 
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concentrated  sulphuric  acid,  a  few  fibrillse,  resembling  nuclear 
fibres  usually,  still  remain  visible.  There  are  also  fibro-cartilages 
(<?.  g.,  the  interarticular  cartilage  of  the  knee-joint),  the  basis-sub- 
stance of  which  consists  of  actual,  but  very  dense,  fibrous  connective 
tissue,  interspersed  with  a  few  nuclear  fibres ;  hence  they  yield,  on 
being  boiled  with  water,  glutin,  but  no  chondrin.  The  cells  em- 
braced in  the  basis-substance  behave  like  those  of  true  cartilage. 
In  a  third  species  of  fibro-cartilage  (epiglottis,  cartilages  of  the  ear, 
&c),  the  fibrous  mould  inclosing  the  isolated  cells  consists  of  a 
dense  tissue  of  fine  elastic  fibres.  These  fibres  are  changed  neither 
by  concentrated  potash  ley  nor  sulphuric  acid,  while  the  cells  in- 
closed in  them  are  destroyed  after  six  or  seven  hours'  action  of 
these  re-agents  and  the  subsequent  addition  of  water.  Cartilaginous 
tissue  has  not  hitherto  been  thoroughly  investigated  quantitatively. 
The  2  to  5  per  cent,  of  fat,  which  may  be  extracted  from  dry  car- 
tilage, are  chiefly  deposited  in  the  cartilage-cells,  although  occa- 
sional globules  may  be  recognized  in  the  intercellular  substance. 
The  proportion  of  water  varies  in  recent  cartilages  between  5-4  and 
70  per  cent.  Of  mineral  substances  in  the  cartilages  of  the  ribs,  3 
to  6  per  cent,  have  been  found ;  they  consist  of  phosphates  of  lime 
and  magnesia,  carbonates  of  the  alkalies,  and  a  large  portion  of 
chloride  of  sodium  and  sulphates. 

CONNECTIVE  TISSUE. 

This  tissue  is  formed  of  a  network  sometimes  with  close,  and  at 
other  times  with  loose,  meshes  of  long  fine  fibres,  generally  united 
into  bundles.  In  the  serous  membranes  the  fibres  are  grouped 
more  closely,  forming  thick  bundles,  often  interlacing  with  each 
other,  with  tolerably  wide  meshes  between  them.  When  the 
bundles  of  fibres  lie  closer  together,  and  follow  one  direction,  they 
form  ligaments  and  tendons.  Independently  of  vessels,  nerves,  and 
fat-cells,  so-called  nuclear  fibres,  or  elastic  fibres,  occur  constantly. 
When  connective  tissue  is  placed  in  boiling  water,  it  becomes 
shrivelled  at  first,  but  soon  swells  up  gelatinously,  and  dissolves  by 
continued  boiling.  It  is  contracted,  and  loses  its  liability  to  putre- 
faction by  the  action  of  bichloride  of  mercury,  alum,  protosulphate 
of  iron,  and  tannic  acid.  It  is  transformed  into  glutin  much  more 
rapidly  by  boiling  with  diluted  acids  or  alkalies  than  with  pure 
water.  In  concentrated  acetic  acid  it  swells  up,  and  takes  the  form 
14 
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of  jelly,  so  as  to  become  invisible  under  the  microscope,  but  is 
not  dissolved  by  it ;  for,  if  the  preparation 
be  washed  with  water,  or  the  acid  neutralized 
by  ammonia,  the  fibres  present  themselves 
again  in  their  original  form.  As  these  fibres 
become  invisible  by  acetic  acid,  while  the 
elastic  fibres  of  the  connective  tissue  remain 
unaltered,  the  latter  become  much  more  visi- 
ble under  the  microscope  by  means  of  this 
reagent.  In  alkalies,  likewise,  the  fibres  of 
connective  tissue  swell  up,  but  are  then 
actually  dissolved  by  the  subsequent  addi- 
tion of  water.  The  connective  tissue  of  the 
embryo  consists  of  fusiform  cells  and  a  pecu- 
liar inter-substance,  which  affords  on  diges- 
tion with  water,  besides  albumen,  a  gelatinoid 
Section  of  Tendon  (mag-    mucous   substance ;    it  yields,  however,  on 

nifled    320    diameteis).      2.     .      ...  .  ,  ,       .  -,  -■    .  T,  1 

Straight  appearance  when    boiling,  neither  glutin  nor  cnondrm.     It  has 
pearance  wien'rt'iaLT  aP"    been  proposed  to  call  this  mucous  tissue  (e.  g., 
gelatinous  tissue  of  Wharton). 


Fig.  25. 


ELASTIC  TISSUE. 

The  elastic  fibres  are  distinguished,  under  the  microscope,  either 
as  flat,  tolerably  broad,  slightly  brittle,  much-branched  bands,  or  as 
narrower  fibres  ;  they  have  a  tendency  to  become 
spiral,  and  are  provided  with  nuclei  (nuclear  fibres). 
They  are  generally  found  interspersed  through 
other  tissues  as  the  nuclear  fibres  in  connective 
tissue.  When  they  occur  in  larger  groups,  they 
sometimes  form  wide-meshed  or  arabesque  reticu- 
lations, with  hook-like  curvatures ;  sometimes  they 
are  collected  in  a  tissue,  leaving  tolerably  equal 
interspaces,  and  resembling  an  anastomosing  rete 
of  capillaries.  They  are  found  in  greatest  abund- 
ance, but  always  mixed  with  the  fibres  of  other 
elementary  tissues,  in  the  yellow  ligaments  of  the 
spinal  column,  and  in  the  ligamentum  nuchae. 
These  fibres  do  not  lose  their  elasticity  either  by 
alcohol  or  by  boiling  with  water ;  even  when  the 
eiaSstiCcdtOiL«0ef.y0ll0W    latter  is  maintained  for  sixty  hours,  they  are  not 


HORNY  TISSUE. 


211 


dissolved.  On  the  other  hand,  after  thirty  hours'  boiling  at  320°  F., 
they  are  changed  into  a  brownish  fluid,  smelling  like  glue,  but  not 
gelatinizing,  which  is  precipitated  by  tannic  acid,  picric  acid,  and 
corrosive  sublimate,  but  not  by  other  reagents,  which  throw  down 
chondrin.  In  cold,  concentrated  acetic  acid,  the  elastic  fibre  is 
insoluble ;  in  tolerably  dilute  muriatic  acid  it  dissolves  with  a  brown 
color ;  the  product  of  transformation  thus  arising  is  soluble  in  water 
and  alcohol.  Digested  with  tolerably  concentrated  sulphuric  acid, 
it  yields  only  leucin,  but  no  glycin.  In  moderately  concentrated 
potash  ley  it  is  changed  into  a  gelatinous  mass  only  after  being 
heated  for  several  days. 


HORNY  TISSUE. 

The  structure  of  the  tissues  belonging  to  this  class,  the  epidermis, 
the  nails  (claws  and  hoofs),  horns,  and  whalebone,  can  only  be  made 
clear  by  the  application  of  certain  reagents,  by  means  of  which  all 
these  tissues  are  resolved  into  nucleated 
cells ;  they  are  hence  to  be  regarded  as  Fl£-  26- 

nothing  more  than  different  forms  of 
one  and  the  same  basis-substance,  keratin, 
or  sulphamide  of  protein.  Even  by  treat- 
ment with  cold  or  lukewarm  water,  most 
of  them  are  softened  and  resolved  into 
cells  in  which  a  nucleus  is  more  or  less 
distinctly  visible.  The  epidermis  and 
epidermic  excrescences  are  resolved 
most  readily  into  flatly  pressed  oval 
cells,  especially  those  lying  near  to  the 
rete  Malpighii ;  water  affects  the  nails 
more  slowly,  horns  and  hoofs  but  slight- 
ly, whalebone  and  tortoise-shell  not  at 
all.  Caustic  alkalies,  especially  caustic 
soda,  display,  when  the  solutions  are 
very  concentrated,  the  cellular  structure 
of  all  these  tissues  in  the  clearest  man- 
ner. Even  diluted  alkaline  leys  act  so 
powerfully  on  the  epidermis  that  the 
epidermic  scales  are  transformed  into  clear  oval  or  spherical  vesi- 
cles, from   which  the  previously   visible  nucleus   gradually  dis- 


Vertical  Section  of  the  Skin 
of  the  Thumb,  treated  with 
acetic  acid. — a.  Horny  layer,  b. 
Mucous  layer,  c.  Cutis  vera,  d,  e. 
Papillae.  /,  g,  h,  i.  Duct  of  a  sweat- 
gland. 
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appears.  Phenomena  perfectly  similar,  but  more  slowly  develop- 
ed, are  caused  by  the  action  of  caustic  alkalies  on  nail  and  horn- 
substances,  especially  when  the  preparations,  after  being  treated  with 
concentrated  ley,  are  acted  on  by  water.  The  laminae  of  whale- 
bone, when  similarly  treated,  exhibit  themselves  as  composed  of 
flatly-compressed  cells ;  the  substance  of  the  nucleus  is  always  more 
easily  dissolved  than  the  investing  membranes  of  the  cells.  Tortoise- 
shell  is  resolved  into  polygonal  and  oval  cells  only  after  prolonged 
action  of  these  reagents.  Acetic  acid  affects  the  horny  tissues  but 
little,  or  not  at  all.  Sulphuric  acid,  especially  with  gentle  warming, 
renders  the  cellular  structure  visible  in  all  these  tissues.  Nitric  acid 
stains  most  of  them  yellow,  but  brings  out  the  cells  imperfectly,  or 
not  at  all.  From  these  reactions,  it  may  be  concluded  that  all  these 
tissues  have  resulted  from  cells  or  nucleated  vesicles,  which,  without 
further  developing  morphotically,  as  the  cells  of  other  organs,  have 
in  a  measure  dried  up,  and  are  agglutinated  by  an  intercellular 
substance  generally  difficult  of  detection.  Besides  this  problema- 
tical intercellular  substance,  there  are  in  each  tissue  three  substances 
morphotically  and  chemically  different,  viz :  the  substance  of  the 
cell-membranes  almost  insoluble  in  alkalies,  the  cell-contents  with 
the  nucleus  more  readily  soluble  in  alkalies,  and  the  granular  mat- 
ters wholly  insoluble  in  alkali,  and  by  no  means  merely  consisting 
of  fat,  which  remain  behind  after  the  entire  solution  of  some  of 
these  tissues.  The  proportion  of  mineral  substances  in  these  tissues 
does  not  vary  materially  from  1  per  cent. ;  their  proportion  of  unox- 
idized  sulphur  is,  however,  somewhat  variable.  In  the  epidermis, 
there  have  been  found  only  0.74  per  cent.;  in  tortoise-shell,  2.22  per 
cent. ;  in  the  nail-substance,  2.80  per  cent. ;  in  cows'  horn,  3.42  per 
cent.;  in  whalebone,  3.60  per  cent.;  and  in  horses'  hoofs,  4.23  per 
cent.  On  the  average  they  contain  51  per  cent,  carbon,  6.8  per 
cent,  hydrogen,  17  per  cent,  nitrogen,  and  20  to  22  per  cent,  oxygen. 

HAIR  TISSUE. 

As  regards  the  chemical  composition  of  this  tissue,  only  the  shaft 
of  the  hair  has  undergone  a  close  investigation ;  this  consists,  ac- 
cording to  histological  observations,  of  three  important  parts,  viz : 
the  cuticle,  the  cortical  substance,  and  the  medulla.  The  cuticle  of 
the  hair  (Fig.  27,  c,  d,  q,  n)  consists  of  tile-shaped  plates  overlap 
ping  each  other ;  these,  when  isolated,  appear  extremely  transpa- 
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Fig.  27. 


.  it   9  %i\ 


rent  and  quadrangular,  without  nucleus  or  other  contents,  and 
are  remarkable  for  their  entire  insolubility  in  caustic  alkalies  and 
concentrated  sulphuric  acid.  The  cortical  or  fibrous  substance, 
Z>,  s,  which  forms  the  most  considerable  part  of  the  hair,  is  disin- 
tegrated by  concentrated  sulphuric  acid,  especially  with  moderate 
warming,  first  into  long,  flat  fibres,  which  again  split  into  long 
slender  plates,  with  an  elongated  dark  nucleus.  After  prolonged 
digestion  with  diluted  potash  ley,  the  cortical  substance  is  dis- 
solved, leaving  behind  long,  fusiform  nuclei.  There  are  also  in  the 
fibrous  substance  a  number  of  cavities  filled  with  air,  and,  be- 
sides these,  greater  or  less  accumulations  of  pigment  granules, 
according  to  the  color  of  the  hair.  The  medullary  substance  of 
the  hair,  a,  r,  which  can  only  be  recognized  distinctly  when  the 
cortical  substance  is  rendered  more  transparent  by  treatment  with 
alkalies,  consists  of  cells  lying  close  to  each 
other  in  rows,  quadrangular,  occasionally 
rounded,  and  containing,  after  treatment 
with  alkalies,  dark  granules,  with  a  clear, 
rounded-oval  spot  (rudimental  nucleus); 
the  granules  are,  in  great  measure,  nothing 
more  than  very  minute  air-vesicles.  In 
hair  deprived  of  fat,  there  have  been  found, 
after  subtracting  the  ashes,  50.65  per  cent, 
carbon,  6.3(5  per  cent,  hydrogen,  17.14  per 
cent,  nitrogen,  20.85  per  cent,  oxygen,  and 
5  per  cent,  sulphur.  We  have  not  suc- 
ceeded in  detecting  a  peculiar  coloring  mat- 
ter in  hair. 

The  white  color  of  hair  depends  upon  a 
larger  content  of  air ;  the  proportion  of 
iron  is  without  influence  upon  its  color. 
The  fat  of  the  hair  consists  of  margarin, 
margaric  acid,  and  olein,  to  which  are  ad- 
herent the  volatile  acids  of  the  sweat.  The 
proportion  of  mineral   constituents   in  the 

hair  is  very  variable  (from  0.54  to  1.85  per  cent.),  without  pro- 
ducing any  influence  upon  the  color,  or  any  other  property  of  the 
hair.  The  quantity  of  sesquioxide  of  iron  varies  between  0.058 
and  0.390  per  cent. ;  hair  always  contains  a  little  silicic  acid,  that 
of  animals,  on  the  average,  more  than  that  of  man.     Wool  and 


Human  Hair  Bulb,  with  its 
papilla,  I,  m;  internal  and  ex- 
ternal root-sheath,  e,f,  g ;  and 
basement-membrane,  h,  of  the 
cutis  vera,  i,  k. 
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bristles  have  a  composition  nearly  identical  with  that  of  hair ; 
feathers,  on  the  other  hand,  contain  much  less  oxygen,  and  are  dis- 
tinguished by  their  larger  proportion  of  silica. 


CONTRACTILE  FIBRE-CELLS. 

These  cells  present  themselves  grouped  in  bundles  and  mem- 
branes, in  the  so-called  smooth  muscles ;  they  are  also  found  inter- 
spersed in  many  other  tissues,  which  owe  to  them  a  contractility 
under  nervous  influence.  They  occur  usually  as  long,  fusiform, 
slender  fibres,  with  delicately  tapering  extremities ;  they  also  often 
form  quadrangular,  or  club-shaped  plates,  drawn  out  longitudinally, 
frequently  with  fringed  margins ;  in  most  of  them,  especially  on 
the  addition  of  acetic  acid,  there  may  be  recognized  a  cylindrical 
or  wand-shaped,  perfectly  homogeneous  nucleus,  without  nucleoli. 
The  substance  of  the  cells  is  rendered  more  pellucid,  and  the  nu- 
cleus more  visible,  by  very  dilute  hydrochloric  acid  (one  part  acid  to 
3,000  parts  water),  as  well  as  by  dilute  acetic  acid.  Prolonged  action 
of  the  diluted  acid,  or  of  more  concentrated  acetic  acid,  dissolves 

Fig.  28. 


Contractile  Fibre-cells. — a.  Treated  with  acetic  acid.     c.  In  their  natural  state. 
b.  Detached  nuclei,  or  corpuscles  of  different  shapes. 

the   cell-substance,  leaving  behind   cucumber-shaped  nuclei,  and 
minute  fat  granules.     In  concentrated  muriatic  acid,  the  fibre-cells 
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shrivel  up,  and  the  nuclei  are  not  visible ;  upon  the  addition  of 
water  they  again  expand.  By  means  of  moderately  dilute  nitric  acid, 
the  fibre-cells  become  very  sharply  defined,  and  somewhat  con- 
tracted, so  as  often  to  be  rendered  easily  visible  where  they  had  been 
recognized  with  difficulty ;  by  concentrated  nitric  acid  they  are 
transformed  into  yellowish-colored  fibrillae.  By  concentrated  sul- 
phuric acid,  chromic  acid,  or  caustic  alkalies,  the  fibre-cells  are  de- 
stroyed, or,  at  least,  so  much  altered  that  their  constitution  cannot 
be  again  manifested. 

In  moderately  concentrated  solutions  of  carbonate  of  potassa,  or 
of  soda,  the  fibre-cells  undergo  no  perceptible  change ;  even  pro- 
longed digestion,  with  a  very  dilute  solution  of  nitre,  leaves  them 
wholly  unaltered.  A  sarcolemma  is  not  to  be  detected,  chemically, 
in  the  organic  muscles.  The  chemical  nature  of  the  substance  of 
the  nuclei  of  the  fibre-cells,  is  still  unknown.  The  cell-substance 
is  dissolved,  as  above  mentioned,  in  very  dilute  muriatic  acid  :  on 
neutralization  of  the  solution,  a  jelly,  hardly  visible  at  first,  is  sepa- 
rated, which  finally  collects  in  flocculi  at  the  bottom  of  the  liquid  ; 
the  solution  in  lime-water  coagulates  on  boiling ;  the  flocculi  de- 
posited by  neutralization  are  readily  soluble  in  alkalies  and  dilute 
acids,  but  not  in  solutions  of  carbonate  of  potassa,  or  saltpetre. 
This  substance  thus  corresponds  perfectly  with  syntonin,  i.  e.,  the 
fibrin  of  the  transversely  striated  muscles.  To  the  tissue  of  the 
organic  muscles  (perhaps  to  the  contractile  tissue  of  the  animal 
organism  in  general)  belongs,  as  a  whole,  the  fluid  which  saturates 
it,  and  surrounds  the  individual  cells.  This  is  distinguished  from 
the  liquor  sanguinis,  and  the  transudations  of  the  serous  membranes, 
as  also  that  of  the  connective  tissue,  principally  by  its  acid  reaction  ; 
it  contains,  besides  albumen,  more  or  less  casein  in  solution,  some 
creatin,  considerable  quantities  of  lactic  acid,  and,  relatively,  more 
potash  than  soda  compounds. 


TRANSVERSELY-STRIATED  MUSCULAR  FIBRES. 

The  longitudinal  striation,  which  is  noticed  on  the  finer  bundles 
still  recognizable  with  the  naked  eye,  of  voluntary  muscles,  is  seen 
by  microscopical  examination,  to  depend  upon  still  finer  bundles  of 
fibres,  which  present  rounded,  irregularly  compressed,  and  often 
hexagonal  cylinders,  with  a  marked  transverse  striation.     These 
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very  minute  transversely-striated  bundles  consist  of  fibres  lying 
close  to  each  other  (almost  like  a  string  of  pearls),  which  are  sur- 
rounded by  a  structureless,  smooth  membrane  (sarcolemma).  Blood 
capillaries,  and  nerve  fibres,  run  between  the  sarcolemmas  of  the 
different  primitive  bundles,  which  are  held  together  by  fibres  of 
connective  tissue.  In  the  sarcolemma,  a  rounded  nucleus  is  to  be 
observed  here  and  there ;  in  the  muscular  cylinder,  inclosed  in  the 
sarcolemma,  there  may  be  distinguished  a  longitudinal  and  a  trans- 
verse striation  ;  some,  hence,  think  that  this  cylinder  is  composed 
of  long,  transversely-striated  fibrillar ;  others,  of  discs  lying  upon 
each  other.  Between  these  fibrils  of  the  primitive  bundles  an  inter- 
substance  may  also  be  found ;  probably  the  peculiar  acid  fluid  of 
the  muscles  surrounds  the  individual  fibrils.  Dilute  acetic  acid, 
and  very  dilute  mineral  acids,  cause  the  primitive  bundles  to  swell 
up  and  become  pale ;  the  transverse  striation  is  plainly,  while  the 
longitudinal  is  but  seldom  visible ;  the  nuclei,  parallel  to  the  long 
axis,  are  stretched;  the  sarcolemma  remains  unaltered.  By  the 
action  of  concentrated  muriatic  or  slightly  diluted  sulphuric  acid, 

Fig.  29. 


Striated  muscular  fibres,  treated  with  acetic  acid. 

the  primitive  bundles  are  resolved  into  rather  short  parallelopipe- 
dons,  with  marked  transverse  striation  ;  the  nuclei  and  sarcolemma 
are  not  visible.  Concentrated  nitric  acid  produces  a  similar  reaction, 
except  that  the  parallelopipedons  are  colored  yellow.  Chromic  acid 
also  splits  the  primitive  cylinder  into  intensely  yellow  parallelo- 
pipedic  fragments,  but,  in  these,  the  longitudinal  striation  is  often 
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as  marked  as  the  transverse.     When  prepared  muscular  bundles  are 
digested  for  some  time  at  95°,  in  a  solution  of  nitre  (one  part  to  17 
parts  water),  a  longitudinal  striation  becomes  remarkably  visible  in 
the  primitive  bundles ;  the  portion  of  the  muscular  cylinder  pro- 
jecting beyond  the  sarcolemma  is  split  into  a  tuft  of  single  fibrils. 
By  a  mixture  of  protonitrate  and  protonitrite  of  mercury,  the  primi- 
tive bundles  are  split  into  pale,  bluish-red  parallelopipedons,  in 
which  the  sharpest  and  most  delicate  transverse  striation  is  visible. 
The  sarcolemma  remains  uncolored.     In  moderately  diluted  solu- 
tions of  carbonate  of  potash,  the  muscles  become  hard  and  rigid ; 
under  the   microscope,  the   primitive  bundles   appear  somewhat 
swollen,  without  longitudinal  striation,  and  with  fine  and  sharp 
transverse  striation.     An  extremely  dilute  soda-ley  (one   part  in 
8,500  parts  water),  transforms  the  muscular  cylinder  into  a  mucoid 
mass,  so  that  there  remains  visible  only  the  sarcolemma  contracted 
in  its  diameter.     If  a  dilute  potash  or  soda  solution  is  added  to  a 
recent  preparation  under  the  microscope,  the  transverse  striation 
disappears,  and  a  very  transparent  jelly,  partly  fibrillating,  partly 
granular,  emerges  from  the  sarcolemma.     A  solution  of  iodine  stains 
the  muscular  primitive  bundle  intensely  yellow,  and  renders  the 
longitudinal  striae  remarkably  distinct,  while  the  transverse  striae 
become  less  so.      By  repeated  washing  with  distilled  water,  the 
primitive  bundles  lose  the  transverse  striation  ;  while  the  longitu- 
dinal striation  becomes  very  distinct ;  by  means  of  salts,  especially 
chloride  of  calcium,  or  carbonate  of  potassa,  the  former  becomes 
again  visible.     The  basis-substance  of  the  muscles,  i.  e.,  the  peculiar 
substance  of  the  fibriUce,  which  is  dissolved  both  by  very  dilute 
alkalies  and  dilute  acids  (1  per  mille),  corresponds  entirely  with 
the  syntonin  of  the  fibre-cells.     The  chemical  nature  of  the  sub- 
stance of  the  nuclei  has  not  been  sufficiently  investigated ;   it  is 
not  dissimilar  to  that  of  the  fibrillar  ;  by  dilute  alkalies  it  is  more 
slowly  dissolved ;  in  concentrated  alkalies,  it  swells  up  and  dissolves 
upon  the  subsequent  addition  of  water ;  even  in  acetic  acid,  and 
very  dilute  mineral  acids,  which  render  it  more  perceptible  at  first, 
it  is  gradually  dissolved.     The  granules  visible  in  the  sarcolemmas 
which  have  been  emptied  by  acids  and  alkalies,  consist,  in  great 
measure,  of  fat.     The  microchemical  reactions  of  the  sarcolemma, 
and  its  incapability  of  being  transformed  into  gelatin  by  boiling, 
prove  conclusively  that  it  does  not  belong  to  connective  tissue ;  its 
elasticity,  which  is  unaffected  by  acids  and  alkalies,  indicates  at 
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least  that  it  does  not  stand  far  from  the  elastic  tissue.  The  fluid 
which  permeates  the  muscles  is,  when  recently  expressed,  usually 
cloudy  or  opalescent  from  fat,  and  has  a  decidedly  acid  reaction.  It 
contains  albumen,  casein,  creatin,  creatinin,  inosic  acid,  lactic  acid, 
and  several  volatile  fat  acids,  especially  acetic  and  formic  acids,  but 
no  trace  of  urea.  It  is  worthy  of  remark,  that  the  carbohydrogen, 
inosit,  occurs  only  in  the  juice  of  the  heart-muscle.  It  is  not  yet 
decided,  whether  the  muscles  possess  a  peculiar  coloring  matter. 
With  reference  to  the  inorganic  constituents  of  the  muscular  fluid, 
the  remark  made  above  holds  good  ;  the  potash  salts  and  phosphates 
preponderate  far  over  the  soda  salts  and  chlorides  of  the  metals ;  in 
like  manner,  the  phosphate  of  magnesia  preponderates  over  the 
phosphate  of  lime.  Sulphates  are  found  merely  in  traces.  The 
proportion  of  water  in  recent  muscles  has  been  found  to  be,  in  the 
ox,  77  per  cent. ;  in  man,  80  per  cent. ;  from  2  to  6  per  cent,  of 
gelatin-yielding  substance  may  be  extracted  from  it ;  the  proportion 
of  fat  is  also  variable,  and  the  quantity  of  soluble  constituents  of 
flesh ;  the  former  amounts  to  between  2  and  4  per  cent,  in  well- 
prepared  muscles,  the  latter  from  6  to  8  per  cent. 

NERVE-TISSUE. 

There  are  two  species  of  nerve-fibres  or  nerve-tubules,  which, 
however,  exhibit  very  gradual  transitions  into  each  other.  The 
coarser  nerve-fibres  {animal,  cerebrospinal),  form  cylindrical  fibres 

Fig.  30. 


Small  portion  of  tho  otic  ganglion  of  the  sheep,  showing  the  nerve-tubules  interlacing 
among  the  ganglionic  vesicles. 

of  0.004  to  0.010  of  a  line  diameter ;  when  examined  fresh  (especially 
when  moistened  with  solution  of  albumen),  they  appear  under  the 
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microscope  perfectly  homogeneous,  transparent,  and  sharply  defined. 
When,  however,  they  are  moistened  with  water,  they  have  double 
contours,  and  resemble  broad  dark  bands,  in  the  centre  of  which 
runs  a  bright  stripe.     The  limiting  membrane  of  the  nerve-tubules 
can  only  be  recognized  by  the  application  of  certain  reagents ;  it  is  a 
perfectly  structureless,  slightly  elastic  membrane,  as  clear  as  glass. 
The  content  of  the  tubules,  the  nerve-medulla,  which  appears  per- 
fectly homogeneous  in  recent  preparations,  divides  afterwards — 
especially  on  the  addition  of  water- — into  a  cortical  substance,  and 
a  cylindrical  axis-fibre.     The  external  layer  of  the  contents  of  the 
nerve-tubules,  the  cortical  or  medullary  substance,  becomes,  in  the  case 
mentioned,  darker,  somewhat  crumbly,  or  granular,  while  in  the 
long  axis  of  the  nerve-tubule  a  clear  fibre,  with  tolerably  sharp 
contours,  the  axis-fibre,  or  cylinder-axis,  becomes  visible.     By  the 
medulla  becoming  crumbly,  the  nerve-tubule  is  irregularly  expanded 
and  contracted  so  as  to  assume  the  so-called  varicose  shape.     The 
finer  or  sympathetic  nerve-fibres,  of  0.00212  to  0.00300  of  a  line  in 
diameter,  resemble  rather  solid  cylinders ;  they  appear  to  consist  only 
of  an  axis-cylinder  and  an  investing  membrane.    The  bundles,  com- 
posed of  several  nerve-fibres,  are  surrounded  by  a  fibrous,  glistening, 
white,  dense  membrane,  the  so-called  neurilemma,  consisting  of  con- 
nective tissue,  with  numerous  elastic  fibres.     The  nerve-cells  or  gan- 
glionic vesicles,  which  exist  in  the  nerve-centres,  are  of  very  various 
form  and  size ;  the  diameter  of  the  largest  reaches  0.05  to  0.06  of  a 
line,  while  that  of  the  smallest  is  often  only  0.002  to  0.003  of  a  line ; 
some  are  large,  almost  spherical  or  oval ;  these  are  found  principally 
in  the  gray  substance  of  the  brain  and  spinal  marrow ;  in  the  same 
positions  there  occur  also  fusiform,  trapezoidal,  irregularly  triangular 
cells  with  numerous  prolongations,  which  frequently  branch  again. 
Cells  with  one  or  two  very  pale  prolongations  are  fouud  in  the 
ganglia  of  the  sympathetic.     The  investing  membrane  is  very  thin, 
structureless,  scarcely  visible  in  the  nerve-cells  of  the  brain,  and 
spinal  marrow ;  on  the  contrary,  in  the  cells  of  the  ganglia  it  is 
thick,  readily  distinguishable,  and  elastic.     The  nuclei,  0.0015  to 
0.008  of  a  line  in  diameter,  are  generally  spherical  or  oval,  clearly 
defined,  with  transparent  contents  resembling  fat,  and  one  or  two 
rounded  or  elongated,  oval  nucleoli  of  0.0005  to  0.003  of  a  line  in 
diameter.     Besides  these,  the  nerve-cells  contain  a  colorless  semi- 
fluid mass,  in  which  are  suspended  finer  or  coarser  granules;  the 
granular  matter  is  often  accumulated  in  groups.    In  nerve-fibres 
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which  have  been  boiled  in  alcohol,  the  sheath  is  more  sharply  de- 
fined, and  the  contents  more  translucent,  and  of  a  dull  granular 
appearance ;  the  axis-cylinder  projects  from  the  ends  of  some. 
Nerve-cells  similarly  treated  only  appear  more  faintly  granular 
than  in  the  recent  state.  By  means  of  the  prolonged  action  of 
ether  upon  cerebro-spinal  nerves,  their  double  outline  vanishes, 
the  investing  sheath  becomes  more  visible,  the  granular  content 
paler,  and  the  axis-cylinder  here  and  there  visible.  Ether  acts 
but  little  upon  the  nerve-cells.  When  nerve-fibres  are  warmed 
with  concentrated  acetic  acid,  the  investing  membrane  presents 
itself  more  perceptibly  here  and  there ;  between  the  inner  outlines 
there  remains  a  pale-reddish  spiral  interrupted  streak,  with  her- 
nial protrusions ;  at  the  ends  of  the  torn  fibres  the  axis-cylinder 
protrudes  as  a  very  pale  fibre.  If  acetic  acid  be  added  to  a  micro- 
scopical preparation,  the  nerve-tubules  become  shorter,  and  from 
the  cut  ends  the  axis-cylinder  projects  together  with  granular 
medullary  substance.  In  the  sympathetic  fibres,  the  contents  be- 
come contorted,  and  occasionally  the  axis-cylinder  visible,  by  the 
application  of  acetic  acid.  The  nerve-cells  become  more  sharply 
defined  in  dilute  acetic  acid,  the  cell-contents  become  more  granular, 
and  the  nucleus  more  perceptible.  In  concentrated  acetic  acid, 
the  nerve-cells  are  gradually  disintegrated.  In  concentrated  muri- 
atic acid,  the  nerve-fibres  are  shortened  in  length,  but  remarkably 
augmented  in  diameter ;  the  medullary  substance  becomes  coarsely 
granular  and  dark ;  at  the  cut  ends  coarsely  granular  masses  emerge, 
and  the  axis-cylinder  becomes  clearly  visible.  Concentrated  nitric 
and  sulphuric  acids  act  similarly,  except  that  by  the  former  the  axes 
cylinders  are  stained  yellow,  and  by  the  latter  the  entire  nerve-fibre 
and  fluid  surrounding  it  become  violet.  Chromic  acid  contracts  the 
nerve-fibres  in  their  diameter,  so  that  the  investing  membrane  splits 
in  some  places,  and  coarsely  granular  medulla  exudes  through  the 
rents ;  the  fibres  are  also  colored  intensely  yellow  by  it — some  are  so 
disintegrated  by  it,  that  only  the  axis-cylinder  with  the  disintegrated 
medullary  mass  is  perceptible.  The  nerve-cells  are  slightly  con- 
tracted by  chromic  acid,  but  not  otherwise  visibly  changed. 

In  iodine-solution  the  nerve-fibres  become  pale  yellow,  tolerably 
sharply  defined  (the  animal-fibres  lose  their  double  outline),  the 
sheaths  more  recognizable,  the  nerve-medulla  darker  and  finely 
granular ;  here  and  there  a  pale  yellow  axis-cylinder  protrudes  from 
the  nerve-tubule.     Solutions  of  bichloride  of  mercury,  as  also  the  mix- 
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ture  of  proto-nitrate  and  proto-nitrite  of  mercury,  render  the  nerve-fibres 
hard  and  brittle ;  on  tearing  apart  nerve-fibres  thus  treated,  the  axis- 
cylinder  becomes  remarkably  distinct.  In  concentrated  solutions  of 
carbonate  of  potassa,  the  nerve-tubules  swell  up  slightly,  but  appear 
with  intestine-like  convolutions,  protrusions  and  lumps;  the  me- 
dullary substance  becomes  more  transparent,  but  the  axis-cylinder 
and  the  sheath  are  not  visible.  In  dilute  soda-ley,  the  sheath  of  the 
nerve-fibres  contracts,  the  double  contour  vanishes,  and  the  nerve- 
medulla  exudes  from  the  cut  extremities  in  granules  and  dark  glob- 
ules; sometimes  the  axis-cylinder  is  seen  to  swell  up  gelatinously,  and 
then  disappear.  Nerve-fibres  previously  treated  with  alcohol  or  ether, 
become  considerably  contracted,  and  perfectly  pale  in  dilute  soda-ley, 
so  as  to  resemble  nerve-sheaths  deprived  of  their  contents.  The  nerve- 
cells  swell  up  slightly  in  soda-ley,  and  the  investing  membrane  be- 
comes more  distinct ;  the  nucleus,  however,  usually  disappears.  In 
concentrated  potash-ley  the  nerve-fibres  and  nerve-cells  are  gradually 
destroyed,  so  that  only  a  granular  matter  remains  visible.  In  order 
to  bring  into  view  the  sheaths  of  the  individual  nerve-fibres,  the 
nerve  preparation  is  brought  into  contact,  after  being  boiled  with 
nitric  acid,  with  dilute  potash-ley ;  the  previously  granular  content 
then  exudes  from  the  sheath  in  pale  globules.  When  also  the 
nerve-fibres  previously  treated  with  alcohol  and  ether  are  subjected 
to  the  action  of  concentrated  acetic  acid,  perfectly  emptied  nerve- 
sheaths  are  obtained.  "With  regard  to  the  chemical  constitution  of 
the  investing  membrane  of  the  nerve-fibres,  the  following  may  be 
concluded  from  its  microchemical  reactions :  As  it  does  not  swell 
up  gelatinously  in  acetic  acid,  and  does  not  dissolve  on  boiling,  or 
treatment  with  dilute  alkalies,  it  cannot  consist  of  the  element  of 
connective  tissue.  In  concentrated  acetic  and  sulphuric  acids,  as 
also  in  stronger  soda  or  potash-ley,  it  dissolves  after  prolonged  di- 
gestion, especially  with  the  aid  of  heat;  accordingly,  it  cannot  belong 
to  the  elastic  tissues,  but  as  it  is  comparatively  difficult  of  solution 
in  the  menstrua  named,  and  is  not  perceptibly  colored  yellow  by 
concentrated  nitric  acid,  it  cannot  be  a  protein-substance,  although 
it  approaches  the  latter  more  closely  than  the  elastic  tissue.  The 
axis-cylinder  consists  of  a  protein-substance  which  closely  approxi- 
mates syntonin,  as  is  evident  from  its  reaction  with  acetic  acid,  con- 
centrated mineral  acids,  and  alkalies  ;  from  fibrin  it  is  distinguished 
by  its  insolubility  in  carbonate  of  potassa,  and  difficult  solubility  in 
acetic  acid,  and  from  syntonin  by  its  insolubility  in  dilute  muriatic 
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acid ;  it  stands  still  further  from  the  substrata  of  other  tissues.  We 
are  yet  wholly  in  the  dark  as  to  the  chemical  constitution  of  the 
nerve-medulla;  the  most  probable  opinion  at  present  is  that  it 
contains  a  soluble  protein-substance,  and  fats  dissolved  by  easily 
decomposed  soaps ;  the  perceptibility  (so-called  coagulation)  of  the 
medulla  which  follows  the  addition  of  water,  is  less  the  consequence 
of  a  coagulation  of  the  protein-substance  than  of  the  separation 
of  the  fat  derived  from  the  decomposing  soaps  from  the  protein- 
body.  Still  less  can  be  decided  from  the  above  reactions  as  to 
the  chemical  constitution  of  the  morphotic  elements  of  the  nerve- 
cells.  The  investing  membrane  is  difficult  of  solution  in  acetic  acid 
and  insoluble  in  carbonate  of  potassa,  thus  resembling  syntonin. 
The  nuclei  of  the  nerve-cells  react  similarly  to  those  of  most  animal 
cells :  we  know  nothing  further  of  their  structure.  The  granular 
contents  of  the  nervercells  consist,  according  to  the  above  reactions, 
of  a  protein-substance  partly  dissolved,  partly  only  swollen  up,  and 
contain  far  less  fat  than  the  medulla  of  the  nerve-fibres. 

The  brain  and  nerve  substance  has  not  yet  been  investigated 
according  to  the  basis  furnished  by  the  microchemical  investigation 
of  the  nerves.  The  coarser  investigations  of  larger  portions  of 
nerve-substance,  and  of  the  brain  especially,  have  resulted  as  fol- 
lows: According  to  most  of  the  analyzers,  a  coagulated  protein 
substance  is  found  in  the  nerve  mass ;  but  the  above  microchemical 
experiments  prove  that  the  albuminoid  substance  contained  in  the 
nerve  medulla  must  be  wholly  in  the  soluble  state.  As  regards  the 
axis-cylinder,  which  also  has  a  protein-like  basis,  it  is  by  no  means 
decided  whether  or  not  it  is  formed  by  the  coagulation  of  a  sub- 
stance resembling  syntonin,  in  consequence  of  chemical  treatment ; 
the  perfect  homogeneousness  of  the  medulla  of  recent  nerves  must 
at  least  render  doubtful  the  assumption  of  a  pre-formed  axis- 
cylinder.  We  are  also,  unfortunately,  still  by  no  means  enlightened 
as  to  the  fats  of  nerve-substance,  notwithstanding  the  numerous 
experiments  devoted  to  their  investigation.  Whatever  was  dis- 
solved in  hot  ether  and  boiling  alcohol  has  usually  been  considered 
as  cerebral  fats;  but  in  this  there  is  a  series  of  substances  not  clearly 
characterized,  part  of  which  belong  certainly  to  the  fats,  and  part 
exhibit  very  different  properties  from  them.  It  is  ascertained  that 
olein,  oleic  acid,  and  margaric  acid,  may  be  separated  from  the 
ethereal  extract  of  the  brain  substance;  so,  also,  cholesterin  is  found 
constantly,  and  with  this  two   other  substances,  which  demand 
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further  chemical  investigation,  viz:  cerebrin  and  lecithin.  Cerebrin 
is  a  white  powder,  soluble  only  in  hot  alcohol  and  ether,  melts  above 
212°,  and  decomposes ;  it  contains  phosphorus,  and  consists  of  66.8 
per  cent,  carbon,  10.7  per  cent,  hydrogen,  2.9  per  cent,  nitrogen, 
19.6  per  cent,  oxygen,  and  0.4  per  cent,  phosphorus.  Lecithin  is 
still  less  known ;  it  forms  a  viscid  mass,  which,  by  means  of  either 
acids  or  alkalies,  decomposes  into  oleic,  margaric,  and  glycero-phos- 
phoric  acids.  The  mineral  substances  of  the  brain  consist  of  phos- 
phoric acid,  phosphate  of  potassa,  phosphate  of  soda  (one-half  less), 
and  a  little  chloride  of  sodium.  The  ash  of  the  gray  substance  of 
the  brain  reacts  strongly  alkaline,  that  of  the  white  strongly  acid. 
The  quantitative  determinations,  which  have  been  instituted  with 
reference  to  the  chemical  constitution  of  the  brain,  have  reference 
principally  to  the  proportion  of  water  and  the  amount  of  matters 
extracted  by  ether.  The  white  substance  of  the  brain  contains  much 
less  water,  and  is  richer  in  fat  (ethereal  extract)  than  the  gray  sub- 
stance. With  reference  to  the  individual  portions  of  the  brain,  the 
amount  of  water  stands  generally  in  inverse  ratio  to  that  of  the  fats. 
The  cortical  substance  of  the  cerebral  hemispheres  contains  84  to  88 
per  cent,  of  water,  and  4.8  to  6.5  per  cent,  of  fat,  and  very  little 
cerebric  acid ;  the  white  substance  of  the  corpus  callosum,  on  the 
contrary,  63  to  70  per  cent,  of  water,  and  15  to  21  per  cent,  of  fat. 
The  largest  amount  of  fat,  and  least  of  water,  is  found  in  the  medulla 
oblongata.  The  brain  of  new-born  infants  contains  more  water  than 
that  of  adults ;  and,  in  that  of  aged  persons,  the  proportion  of  water 
is  again  increased.  In  the  ethereal  extract,  from  1.68  to  2.53  per 
cent,  of  phosphorus  is  found ;  in  animals,  the  amount  of  phosphorus 
ranges  between  1.53  and  3.40  per  cent.  In  the  white  substance  there 
are  found  from  14  to  16  per  cent,  of  substances,  insoluble  in  ether 
(protein  substances  and  investing  membranes) ;  in  the  gray,  from  9 
to  11  per  cent. ;  in  young  subjects,  less  on  an  average  than  in  older. 

EXUDATIONS. 

The  exudations  resemble  the  transudations  in  many  respects, 
and  hence  have  been,  until  very  lately,  classed  with  them,  as  there 
exist  numerous  transitions  from  the  one  group  of  secretions  to  the 
other.  But,  scientifically  considered,  the  exudations  must  be  sepa- 
rated and  distinguished  from  the  transudations.     They  differ  mate- 
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rially  from  the  latter  in  their  origin,  the  manner  of  their  separation 
from  the  blood,  their  physical  properties,  and  in  certain  constituents. 
We  have  seen  that  the  formation  of  the  transudations  is  dependent 
upon  simply  physical  laws ;  without  an  actual  stasis  of  the  column 
of  blood  in  the  capillaries,  the  constituents  of  the  liquor  sanguinis 
only  passed  through  the  walls  of  these  vessels,  partly  on  account  of 
their  increased  penetrability,  partly  on  account  of  increased  trans- 
udability  of  the  liquor  sanguinis ;  the  exudations  take  place  only  in 
consequence  of  actual  inflammation,  i.  e.,  a  perfect  stasis  of  the  blood 
in  the  capillaries,  alteration  of  its  physical  properties,  and  partial 
rupture  of  the  vessels.     Hence  the  properties  and  constituents  of 
the  exudations  must  differ  from  those  of  the  transudations.     In  the 
exudations  we  always  find  very  considerable  quantities  of  fibrin, 
and  far  more  albumen,  than  in  the  transudations ;  among  the  salts, 
the  phosphates  and  potassium-compounds  are  more  prominent ;  we 
almost  always,  in  fresh  exudations  constantly,  find  more  or  less 
altered  blood-corpuscles,  which  are  wholly  wanting  in  true  trans- 
udations.    But  they  are  especially  distinguished  from  the  latter  by 
their  capability  of  metamorphosis,  or  inclination  to  change ;  while 
the  transudations  remain  for  a  long  time  in  the  cavities  into  which 
they  have  been  poured  out,  without  undergoing  even  in  their  com- 
position any  material  alterations,  all  the  exudations,  without  excep- 
tion, are  distinguished  by  the  fact  that  morphotic  formations  are 
developed  in  them,  a  certain  plasticity  is  never  wanting,  and  that 
they  almost  continually  undergo  alterations  both  in  morphotic  and 
chemical  respects.    Even  if  the  exudations  when  formed  do  not  pass 
into  actual  tissue  or  into  cells,  there  are  always  found  in  them,  a  short 
time  after  their,  secretion,  together  with  coagulated  fibrin,  morphotic 
elements,  which  show  this  tendency  to  a  further  organization.    The 
greater  or  less  plasticity  of  the  exudations,  as  opposed  to  the  entire 
want  of  organization  of  the  transudations,  indicates  that  the  source 
of  plasticity  is  to  be  sought  in  the  substances  occurring  only  in  the 
exudations.    These  substances,  according  to  our  present  knowledge, 
can  only  be  the  following :  fibrin,  the  phosphates,  and  the  haemato- 
crystallin  of  the  blood-corpuscles,  which  have  passed  into  the  exuda- 
tion.    It  is  usually  assumed  that  the  organizability  of  the  exuda- 
tions depends  mainly  upon  the  fibrin  it  contains ;  but,  as  we  know 
of  transudations,  e.  g.,  in  so-called  acute  dropsy,  in  which,  while  no 
small  quantities  of  fibrin  are  present,  no  organization  takes  place,  the 
plasticity  cannot  be  referred,  at  least  wholly,  to  the  fibrin  contained. 
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It  is,  hence,  more  than  probable  that  the  constituents  of  the  blood- 
corpuscles   disintegrated  in  the  capillaries  by  the  inflammatory 
process,  or  externally  to  them  in  the  exudation,  give  rise  to  the 
organizability  of  the  secretion.     The  organic  contents  of  the  blood- 
corpuscles,  the  so-readily  changeable  hasmato-crystallin,  would  next 
occur  to  mind ;  but,  as  this  is  entirely  wanting  in  the  plastic  fluid 
of  recent  incised  wounds  which  contains  no  blood-corpuscles,  this 
hypothesis  is  at  least  very  doubtful.     The  power  of  rendering  an 
exudation  plastic  has  been  hence  ascribed  particularly  to  the  phos- 
phates ;  in  favor  of  this  is  the  fact  that  wherever  cells  and  fibres  are 
being  formed  even  in  lower  animals,  the  organisms  of  which  are 
deficient  in  these  salts,  phosphates  accumulate  in  appreciable  quan- 
tities ;  and,  on  the  other  hand,  the  fact  that  the  blood  which  flows  from 
organs  of  great  vital  activity,  e.  g.,  the  muscles,  in  which  the  renewal 
is  most  active,  contains  a  much  smaller  quantity  of  the  phosphates 
than  the  venous  blood,  which  comes  from  the  capillaries  of  organs 
of  less  vital  activity.     Finally,  numerous  careful  analyses  have 
shown  that,  even  in  the  plastic  secretions  of  wounds  which  are  free 
from  blood-corpuscles,  more  phosphates  exist  than  in  the  liquor 
sanguinis  of  the  same  organism.     It  is,  hence,  no  longer  doubtful 
that  the  phosphates  are  necessary  to  the  formation  of  cells  and 
tissues  (in  which  we  also  constantly  find  them) ;  but,  that  the  plas- 
ticity of  an  exudation  is  actually  occasioned  by  them,  is  by  no 
means  decided.   The  chemical  transformations,  by  which  the  various 
visible  morphotic  changes  of  the  exudations  are  accompanied,  we 
have  not  hitherto  been  able  to  follow  precisely ;  investigations  are 
even  wholly  wanting  by  means  of  which  the  actual  chemical  condi- 
tion of  the  exudation,  in  its  different  stages  of  development,  may  be 
ascertained ;  numerous  investigations,  indeed,  though  not  particu- 
larly exact,  and  very  unproductive,  have  been  made  of  the  modi- 
fication of  exudation,  which  has  been  called  suppuration.     We 
must,  hence,  regard  in  a  chemical  aspect  all  other  forms  of  exuda- 
tions as  a  wholly  unknown  region.     The  following  embraces  all 
that  is  actually  established  with  reference  to  the  constitution  of 
pus :  The  purulent  exudation  is  generally  a  yellowish,  thick  fluid, 
which  is  distinguished  from  other  exudations  by  containing  a  con- 
siderable  proportion  of  corpuscles  tolerably  evenly  distributed 
through  it.     Pus,  thus,  is  divided,  like  the  blood,  into  corpuscles 
and  intercellular  fluid,  or  serum.    These  corpuscles,  generally  0.004 
to  0.005  of  a  line  in  diameter,  consist  frequently  of  a  granular  or 
15 
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crenated  investing  membrane,  a  viscid,  hyaline  content,  and  a  nu- 
clear substance  clinging  to  the  investing  membrane,  and,  of  course, 
eccentric.  As  perfectly  similarly  constituted  elements  occur  in  the 
lymph,  the  blood,  and  the  mucus  of  the  mucous  membranes,  it  has 
been  proposed  to  include  the  so-called  lymph-corpuscles,  colorless 
blood-corpuscles,  mucous  and  pus-corpuscles,  under  the  common 
designation  of  cytoid  corpuscles,  i.  e.,  cell-resembling  molecules.  The 
examination  of  these  corpuscles  separately  from  the  intercellular 
fluid  is  less  successful  than  that  of  the  red  corpuscles  in  the  blood; 
we  know,  as  yet,  of  no  mechanical  means  of  separating  them  from 
the  pus-serum,  for,  even  on  the  addition  of  salts,  they  do  not  become 
capable  of  separation  by  filtration;  like  the  blood-corpuscles,  they 
possess  a  tendency  to  sink,  but  this  is  so  slight  that  the  pus  has 
generally  undergone  some  decomposition  before  even  a  limited 
sinking  has  taken  place,  and  clear  serum  collected  on  the  surface. 
Pus,  when  exposed  to  the  air,  very  soon  undergoes  several  trans- 
formations ;  it  may  pass  into  the  acid  fermentation,  or  the  alkaline, 
or  putrefaction.  The  acid  fermentation  of  pus  occurs  at  a  moderate 
temperature  in  well-corked  vessels ;  it  soon  loses  its  normal  alkaline 
reaction,  and  finally  becomes  acid ;  volatile  and  fixed  fat-acids  are 
formed;  butyric  acid  is  detected  chemically;  the  margaric  acid, 
formed  from  the  previously  neutral  fat,  is  easily  recognized  by  the 
microscope. 

The  action  of  these  acids  upon  the  corpuscles,  is  the  cause  of  the 
appearance,  in  the  latter,  of  the  previously  invisible  or  indistinct 
nuclei.  Impure  pus,  i.  e.,  mixed  with  mucus  or  blood,  or  so-called 
unhealthy  pus  discharged  from  abscesses,  passes  rapidly  into  the 
alkaline  fermentation,  without  having  undergone  the  acid  ;  it  begins 
to  smell  of  ammonia  and  sulphuret  of  ammonium,  the  pus-corpuscles 
are  distorted  or  dissolved  into  a  gelatinous  mass ;  nuclei  are  neither 
to  be  found  isolated  nor  in  the  corpuscles ;  finally,  only  molecular 
granules  and  vibriones  are  to  be  recognized.  Like  the  blood  cor- 
puscles, the  cytoid  corpuscles  are  remarkably  susceptible  to  endos- 
motic  currents ;  their  diametric  size  hence  depends,  in  great  part, 
upon  the  specific  gravity  of  the  intercellular  fluid  ;  thus,  they  are 
larger  in  saliva  than  in  pus,  and  smaller,  on  the  other  hand,  in  the 
blood.  As  the  intercellular  fluid  of  pus  has,  without  doubt,  some 
relation  to  the  intercellular  fluid  of  the  blood,  the  variations  in 
size  of  the  corpuscles  of  the  pus  secreted  is  thus  explained  in 
diseases  in  which  the  blood  is  altered.     For,  when  pus  is  diluted 


EXUDATIONS.  227 

with  distilled  water,  the  corpuscles  are  seen  to  swell  up  strongly, 
the  granular  or  folded  condition  of  the  investing  membrane 
vanishes,  and  the  nuclear  formation  becomes  more  perceptible ; 
some  of  the  corpuscles  absorb  so  much  water  that  they  burst. 
Extremely  dilute  mineral  acids,  or  moderately  dilute  solutions  of 
organic  acids,  produce  the  same  effect  as  water ;  they  occasion  a 
current  from  the  intercellular  fluid  into  the  corpuscle.  These 
means  are  hence  used  to  render  the  nuclear  matter  more  percepti- 
ble ;  the  original,  simple,  lens-shaped  nucleus  often  splits  in  conse- 
quence of  the  application  of  acids,  into  two,  three,  or  more  vesicles, 
in  which  often  one  or  two  granules  (nucleoli  ?)  are  to  be  recog- 
nized. Solutions  of  neutral  salts  of  the  alkalies  cause  the  pus-cor- 
puscles to  shrink  together,  by  depriving  them  of  water ;  they  then 
lose  their  sharp  outline,  and  become  small,  granular,  jagged  masses. 
Caustic  alkalies  rapidly  disintegrate  the  corpuscles;  in  the  fluid,  there 
are  to  be  recognized  only  lighter  and  darker  points.  But  little  can 
be  deduced  from  the  further  microchemical  reactions  which  different 
chemical  substances  exhibit  with  the  constituents  of  the  pus-corpus- 
cles, as  to  their  chemical  constitution ;  the  cell  membrane,  nuclear 
substance,  and  viscid  contents,  afford,  with  nitric  and  nitrous  acids, 
and  protonitrate  of  mercury,  reactions,  which  denote  protein  sub- 
stance as  far  as  they  can  be  recognized,  on  account  of  the  albumen 
secreted  at  the  same  time  in  the  pus-serum.  The  lighter  and  darker 
granules,  which  are  still  visible  after  the  treatment  of  pus  with 
caustic  alkalies,  consist  of  fat.  There  are  frequently  found  in  pus, 
as  accidental  morphotic  constituents,  fat-globules,  blood  corpuscles, 
epithelial  cells,  so-called  exudation  globules,  fragments  of  connective 
tissue,  &c.  The  serum  of  pus  is  perfectly  clear,  colorless,  or  slightly 
yellowish,  of  a  feeble  alkaline  reaction,  and  coagulates  on  being 
heated  to  a  dense  white  mass.  The  principal  constituent  of  pus 
serum  is  albumen,  which  usually  exists  in  it  to  the  amount  of  1.2  to 
3.7  per  cent.  Mucosin,  casein,  pyin,  are  only  abnormal  constituents 
of  pus.  Several  constituents  of  pus  belong,  probably,  as  much  to 
the  serum  as  to  the  corpuscles ;  at  least,  it  is  impossible  to  decide 
as  to  them.  Among  these  is  to  be  classed  the  fat,  of  which,  cer- 
tainly, a  large  part  belongs  to  the  corpuscles :  that  which  is  extracted 
from  the  residue  of  pus  consists  not  only  of  olein  and  margarin, 
but  contains,  also,  oleic  and  margaric  acids,  and  cholesterin,  the 
latter  often  amounting  to  1  per  cent,  of  the  fluid  pus.  In  general, 
the  amount  of  fat  ranges  from  2  to  6  per  cent.     Normal  pus  Con- 
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tains  from  14  to  16  per  cent,  of  solid  constituents.  The  solid  residue 
contains  only  5  to  6  per  cent,  of  mineral  substances ;  among  which 
the  insoluble  salts  are  to  the  soluble  in  the  ratio  of  from  1 : 7  to  1 : 9. 
In  so-called  unhealthy  pus,  the  number  of  the  corpuscles  usually 
decreases ;  hence  such  pus  contains  fewer  solid  constituents :  among 
these,  however,  more  salts,  relatively,  especially  the  soluble.  In 
the  insoluble  part  of  the  mineral  substances,  together  with  phos- 
phates of  lime  and  magnesia,  a  little  sulphate  of  lime  and  peroxide 
of  iron  may  be  detected. 

As  pus  is  generally  richer  in  soluble  salts  than  the  blood-serum, 
the  proportion  of  chloride  of  sodium  in  pus  is  much  greater  than  in 
the  blood-serum :  on  an  average,  pus  contains  thrice  as  much 
chloride  of  sodium  as  the  corresponding  blood-serum.  The  quan- 
tity of  soluble  phosphates  contained  in  the  ash  ranges  between  3  and 
10  per  cent.  Bile-pigment,  resinous  bile-acids,  urea,  and  sugar,  may 
occur  abnormally  in  pus. 


ZOOCHEMICAL  PROCESSES. 


FORCES  AND  LAWS  OF  THE  ORGANIC  MOVEMENTS. 

We  understand,  usually,  by  a  process,  a  certain  sum  of  phenomena 
belonging  together,  which  occur  in  a  regular  sequence,  and  finally 
lead  to  a  sort  of  stasis  which  we  regard  as  the  result  or  object  of  the 
previous  movement.  We  do  not  take  cognizance  of  the  movements 
as  such  with  our  senses,  but  only  observe,  at  different  periods  of 
time,  the  stages  of  the  alterations  which  are  visible  in  the  substances. 
Hence,  to  comprehend  a  process,  a  physical  or  chemical  movement, 
we  must  bring  the  succession  of  the  phenomena  into  an  ideal  con- 
nection ;  we  must  seek  to  ascertain  the  causal  dependence  of  one 
phenomenon  upon  another ;  we  therefore  explain  a  process  when  we 
indicate  the  causal  connection  of  the  individual  phenomena  of  the 
movement,  and  refer  its  result  to  a  general  moving  cause.  This 
moving  cause  is  usually  a  more  general  point  of  observation,  from 
which  we  can  review  various  series  of  movements  whose  variety  is 
occasioned  only  by  the  difference  of  the  masses  in  which  we  recog- 
nize the  movement,  or  by  the  difference  of  its  point  of  attack  on 
them.  It  is  these  general  causes  which  are  usually  called  forces,  and 
for  which  short  expressions  have  been  found  in  definite  laws.  It 
was  not  doubted,  previously,  that  in  the  animal  organism,  besides 
the  known  laws  of  physics  and  chemistry,  an  organic  law,  or,  rather, 
a  force  not  subject  to  any  law,  a  vital  force,  was  active  in  the  move- 
ments of  life.  The  molecules,  in  which  the  life-processes  took  their 
course,  were  regarded  as  materially  different  from  other  chemical 
bodies,  and  placed,  in  great  measure,  beyond  the  law  of  affinity, 
while  their  origin  and  maintenance  were  to  be  ascribed  solely  to  a 
peculiar  organic  force.  It  has,  however,  been  proved,  by  the  most 
careful  chemical  investigations,  that  organic  bodies  are  constituted 
according  to  the  same  laws,  and,  in  their  transformations,  follow  the 
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same  laws  that  prevail  in  inorganic  chemistry.  All  the  differences 
which  have  been  presented  between  organic  and  inorganic  bodies, 
are  accidental,  relative,  and  non-essential.  The  constitution  of  or- 
ganic bodies  corresponds  merely  with  the  functions  to  which  they 
are  destined  in  the  living  organism.  The  quality  of  the  molecules, 
which  serve  as  points  of  action  in  the  living  body  to  the  forces 
there  active,  corresponds  always  to  the  functions  required  for  the 
attainment  of  the  object  of  life.  The  most  evident  proofs  of  this 
proposition  are  afforded  by  zoochemistry,  and  the  science  of  the  ani- 
mal fluids  and  tissues  (compare  p.  123  and  p.  201).  It  is,  moreover, 
self-evident  that  the  result  of  the  operation  of  physical  forces  upon 
the  very  inconstant  molecules,  formed  differently  from  those  of  in- 
organic bodies,  but  developed  upon  the  same  principles,  must  be 
very  different  from  that  which  follows  the  action  of  the  same  forces 
upon  the  simpler  mineral  substances.  We  must,  hence,  necessarily 
meet  with  a  number  of  phenomena  in  the  animal  organism  which 
do  not  exist  out  of  it,  as  the  substrata  of  the  animal  body  afford 
entirely  different  points  of  action  to  the  physical  forces.  By  a  closer 
investigation  of  life-phenomena  from  this  point  of  observation,  we 
find  that  many  of  them  stand  in  the  simplest  relation  of  dependence 
upon  otherwise  well-known  physical  laws,  and  that  it  is  mostly  only 
the  different  arrangement  of  the  individual  elements  of  the  move- 
ment, and  the  complication  of  numerous  conditions,  which  impress 
upon  the  phenomena  of  life  a  character  often  so  specific.  We  are 
too  often  still  unable,  certainly, 'to  comprehend  some  of  the  life- 
processes  with  relation  to  their  physical  causality ;  but  this  is  no 
reason  for  taking  refuge  at  once  in  a  specific  vital  force  ;  for,  although 
physics  and  chemistry  have  already  progressed  so  far,  the  molecular 
forces,  and  their  manifold  connections,  have  not  been  so  far  investi- 
gated in  the  various  circumstances  and  relations  of  masses,  that  all  the 
phenomena  depending  upon  them,  even  in  the  inanimate  world,  can 
be  explained,  i.  e.,  recognized  in  their  causal  connection.  It  is  one 
of  the  leading  maxims  of  natural  philosophy,  that  we  should  not 
lay  down  a  new  force,  a  general  specific  cause,  until  we  have  elimi- 
nated all  other  possibly  operative  forces  from  the  group  of  pheno- 
mena in  question.  A  proof  of  the  existence  of  a  purely  vital  force, 
is  hence  only  to  be  obtained  by  an  exclusion  of  everything  physical. 
This  cannot  be  adduced,  because  all  the  physical  is  not  yet  seen 
through  by  us. 

We  are  so  much  the  less  at  liberty,  on  the  other  hand,  to  assume 
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a  vital  force  for  the  explanation  of  vital  processes,  as  the  idea  of 
such  a  force  is  based  upon  nothing  less  than  upon  reason.  A  force 
is  only  the  abbreviated  expression  for  a  law  from  which  the  causal 
connection  of  certain  phenomena  may  be  deduced ;  vital  force,  how- 
ever, as  it  is  usually  understood,  corresponds  with  no  law.  On  the 
contrary,  it  is  usually  represented  as  transcending  all  laws ;  it  is 
conceived  of  as  a  spirit  acting  for  purposes,  not  as  a  necessary  cause 
of  numerous  consequent  phenomena.  Yital  force  thus  lies  wholly 
without  the  sphere  of  natural  philosophy,  for  this  is  concerned  only 
with  the  causal  connection  of  phenomena,  while  the  ascertaining  of 
conformity  to  the  end  in  view  belongs  to  a  purely  speculative  sci- 
ence, metaphysics. 

It  is  usually  sought  to  represent  the  assumption  of  a  vital  force 
as  an  unavoidable  necessity.  The  certainly  wonderful  conformity 
to  the  end  in  view  of  most  of  the  vital  processes  is  adduced  first 
for  this  purpose;  but  independently  of  a  force  operating  only  for 
ends  being,  as  we  have  seen  above,  a  physical  nonentity,  it  should 
have  been  remembered  that,  in  so-called  inanimate  nature,  the  phe- 
nomena which  result  only  from  physical  laws  display  likewise  a 
great  conformity  to  the  end  in  view,  and  that,  on  the  other  hand, 
vital  force  operates  often  enough  without  this  conformity.  Thus, 
e.  g.,  it  is  a  wise  provision  of  nature  that  the  ice  in  winter  does 
not  sink  down  into  the  streams  and  seas,  as  otherwise  they  would 
soon  congeal  wholly  into  ice,  and  deprivation  of  water  would  en- 
sue; this  is  not,  however,  the  operation  of  a  wise  vital  force  of 
the  earth,  but  only  the  consequence  of  the  less  specific  gravity  of 
the  ice,  and  its  bad  conduction  of  heat.  That  also  the  pretended 
vital  force  often  operates  unconformably  with  the  end  in  view  may 
be  observed  in  almost  every  case  of  disease. — A  second  proof  of  the 
necessary  existence  of  a  vital  force  has  been  thought  to  be  found  in 
the  morphotic  development  of  animal  and  vegetable  tissues  and 
organs.  It  has  been  held  impossible  that  the  organic  forms  inac- 
cessible to  mathematical  treatment  should  be  the  results  of  physical 
laws ;  but  is  not,  e.  g.,  heat  the  primum  movens  which  disposes  ani- 
mality  to  development  ?  In  the  animal  ovum,  the  conditions  are 
given  under  which  the  physical  force  of  heat,  which  operates  so 
diversely  on  different  substances,  calls  forth  those  chemical  trans- 
formations from  which  the  morphotic  proceed.  Who,  then,  would 
have  sought,  e.  g.,  in  the  bichromate  of  ammonia,  the  conditions  in 
consequence  of  which  heat,  operating  only  on  a  portion  of  it,  confers 
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so  great  a  volume,  and  such  remarkable  tea-leaf-shaped  forms  upon 
the  sesquioxide  of  chrome  which  is  developed  ?  And  are  the  forms 
thus  arising  accessible  to  mathematical  calculation  ? — The  prolonged 
duration  of  organic  movements  has  been  regarded  as  an  especial 
proof  of  the  operation  of  a  vital  force,  as  the  processes  depending 
upon  purely  chemical  forces  were  thought  to  be  accompanied 
by  an  immeasurably  short  period ;  but  we  are  now  acquainted  in 
chemistry  with  sufficiently  simple  processes  which  require  a  pro- 
longed period  for  their  accomplishment.  "We  need  scarcely  recall 
to  mind  the  decomposition  of  the  compound  ethers,  the  paired  com- 
pounds, &c. 

But  these  few  hints  may  suffice  to  show  that  it  is  as  impracticable 
as  it  is  unscientific  in  physiological  chemistry  to  make  use  of  a  so- 
called  vital  force  for  the  explanation  of  the  animal-chemical  pro- 
cesses, and  to  refer  the  causal  sequence  of  the  phenomena  to  a  force 
thus  overleaping  all  bounds  of  conformity  to  law.  In  physiological 
chemistry,  explanation  can  mean  nothing  further  than  a  reference  to 
established  physical  laws;  as  soon  as  physiological  chemistry  allows  a 
vital  force,  it  resigns  all  effort  to  be  numbered  among  the  exact  sci- 
ences. If  the  phenomena  of  nature  are  of  a  complioated  description 
anywhere,  they  are  so  in  the  living  body ;  the  recognition  of  natural 
laws  is  hence  more  difficult  here  than  in  any  other  portion  of  natural 
philosophy.  The  only  sure  anchorage  which  remains  for  us  is  often 
that  here  also  the  laws  of  molecular  movements  continue  as  stead- 
fast as  those  of  gravitation  among  the  heavenly  bodies.  Even  he 
who,  from  subjective  feeling,  makes  for  himself  any  form  of  a  vital 
force,  must  be  conscious  that  in  the  animal  organism  the  laws  of 
nature  have  still  the  same  efficacy  as  out  of  the  organism,  and  that 
an  investigation,  an  explanation  of  animal  phenomena  is  impossible 
without  the  application  of  physical  laws.  "We  have  already,  in 
considering  the  individual  factors  of  the  metamorphosis  of  animal 
tissues,  constantly  referred  to  the  influence  which  they  exercise  over 
this  or  that  animal-chemical  process ;  but  we  have  thus  collected 
only  the  foundations  for  attaining  a  general  view  of  the  processes 
themselves,  and  the  causal  chain  of  the  phenomena.  Such  a  general 
view  can  only  be  combined  immediately  with  zoochemistry,  and 
with  the  science  of  the  chemical  substrata  of  the  animal  body,  by 
considering  the  actual  agents  of  the  metamorphosis  of  animal  tissues, 
and  pursuing  the  transformations  which  they  undergo  during 
their  function  in  the  living  body.     We  must,  then,  here  embrace 
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all  those  processes  in  which  the  individual  chemical  factors  actively 
participate,  and  whereby  they  themselves  undergo  various  changes, 
and  hasten  to  their  dissolution  or  excretion  into  the  outer  world. 
For  the  explanation  of  these  processes,  there  are  necessary  princi- 
pally two  moments — viz :  an  exact  knowledge  of  the  chemical  con- 
stitution and  quality  of  the  substrata,  and  a  reliable  acquaintance 
with  all  the  laws  of  the  movements  of  molecular  matter.  Unfortu- 
nately, we  can  congratulate  ourselves  neither  upon  the  one  nor  the 
other.  How  insufficient,  how  imperfect  our  chemical  knowledge  of 
the  substrata  is,  we  have  already  sufficiently  learned  in  considering 
precisely  the  most  important  of  them,  the  protein-bodies ;  and  still  ex- 
tremely deficient  knowledge  of  the  laws  of  the  molecular  movements 
of  matter  deprives  us  at  once  of  the  means  of  explanation;  a  connec- 
tion with  established  physical  propositions  is  hence  often  impossible. 
In  the  second  degree,  we  can  connect  together  series  of  processes, 
which  afford  a  view  of  certain  general  processes  of  animal  life ;  this 
portion  of  our  physiological  observations  will  find  its  support  more 
in  the  science  of  the  animal  fluids.  Thus,  we  must,  in  the  first 
place,  follow  in  their  individual  stages,  and  indicate  causatively  all 
the  processes  which  have  reference  to  the  digestion  and  resorption  of 
the  food  ingested ;  the  reciprocal  actions  between  the  agents  and 
the  objects  of  digestion,  as  well  as  the  physical  conditions  which 
control  the  passage  of  the  digested  matter  into  the  general  mass  of 
the  fluids,  must  be  here  taken  into  consideration.  After  the  process 
of  digestion  has  afforded  to  the  organism  the  material  needed  for  the 
performance  of  the  various  life-processes,  there  is  a  process  without 
which  the  results  of  digestion,  i.  e.,  the  chyle  and  the  blood,  could 
not  be  further  utilized,  and  which  participates  so  deeply  in  the  whole 
of  animal  life  that  a  short  cessation  of  this  process  brings  it  to 
destruction ;  this  is  the  process  of  respiration.  Without  the  proper 
investigation  of  this,  the  processes  of  nutrition,  of  the  formation  of 
tissues,  and  of  secretion  and  excretion,  are  incomprehensible.  We 
thus  embrace  together  all  the  processes  in  conclusion,  which,  together 
with  digestion  and  respiration,  are  necessary  to  the  maintenance  of 
life.1 

1  For  remarks  upon  this  chapter,  by  Dr.  Jackson,  see  p.  41 ;  and  also,  in  the  ap- 
pendix, under  "Life  Phenomena." 
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When  we  recur  to  the  constitution  of  those  substances  of  which 
nature  makes  use  for  the  attainment  of  the  most  various  operations, 
and  the  fulfilment  of  the  most  different  purposes  in  the  living 
organism,  we  are  struck   here,  as  everywhere  in  nature,  by  the 
wonderful  simplicity  of  means  and  forces  by  means  of  which  the 
world  of  phenomena  is  governed  in  change  often  so  inconceivable. 
There  are,  properly,  only  four  groups  of  substances  in  which  all 
the  phenomena  of  life  take  their  course;  the  protein-bodies  and 
their  derivatives,    the  fats,  the   so-called  carbo-hydrates,  and  the 
inorganic  salts. — What  resemblances,  what  coincidence  in  the  most 
various  particulars  are  presented  by  the  members  of  each  individual 
group!     But  it  is  not  only  the  great  analogy  of  the  individual 
members  of  each  group,  and  the  ready  transition  of  one  into  another 
which  render  this  arrangement  of  the  organic  molecules  so  won- 
derful and  so  applicable  to  the  uses  of  life,  but  also  the  peculiar 
relations  in  which  the  individuals  of  different  groups  stand  to  each 
other.     Several  facts  indicate  that  the  protein-bodies  may  be  re- 
solved in  the  animal  organism  into  sugar,  as  also  into  fat,  together 
with  other  products :  and  again  others,  that  fats  may  be  produced 
from  carbo-hydrates.     Possibly  these  three   groups  of  the  actual 
animal  substrata  may  stand  to  "each  other  in  a  typical  relation  simi- 
lar to  that  of  the  organic  acids,  the  haloid  bases,  and  the  ammonia- 
bases.     Although  we   are  by  no  means  acquainted  with  all  the 
molecular  forces  which  come  into  application  in  the  transformations 
of  these  bodies  for  the  object  of  the  life-phenomena,  we  are  able, 
from  the  constitution,  from    the  homology  of  these   bodies,  and 
from  the  near  relations  in  which  even  the  different  groups  stand  to 
each  other,  to  draw  the  conclusion  that  the  expenditure  of  force 
which  these  movements  demand  must  always  be  but  small.    How 
differently  the  otherwise  almost  apparently  identical  protein-bodies 
participate  in  the  movements  of  the  organism  !     How  many  different 
purposes  the  most  homologous  substances  of  the  animal  body,  the 
fats,  are  applied  to  in  the  organism!     The  carbo-hydrates,  which 
appear  on  superficial  observation,  only  to  be  hastening  to  their  de- 
struction in  the  animal  body,  undergo  the  most  manifold  transfor- 
mations and  divisions  in  order  to  participate  in  this  or  that  direc- 
tion in  the  apparent  tumult  of  the  life  phenomena.     Potash  and 
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soda,  finally,  substances  which,  the  chemist  has  difficulty  in  sepa- 
rating, and  which  elsewhere  often  appear  to  perform  vicarious 
functions  for  each  other,  are  used  in  life  to  form  the  most  striking 
contrast ;  while  the  most  volatile  and  feeble  of  the  acids,  carbonic 
acid,  must  perform  under  some  circumstances  the  same  services  in 
the  organism  as  the  powerful  and  stable  phosphoric  acid.  Phos- 
phate of  soda  occurs  at  one  moment  as  a  powerful  base,  while  in 
another,  by  the  aid  of  carbonic  acid,  it  supplies  the  place  of  an  acid. 
We  must  wonder  at  the  insignificance  of  the  expenditure  of  force 
which  nature  requires  to  utilize  the  few  substrata  for  the  purposes  of 
life. 

The  most  superficial  glance  at  the  mode  of  occurrence  (Vorkom- 
men)  of  albumen  teaches  us  that  this  must  be  one  of  the  most  import- 
ant substances  of  the  animal  body:  we  have  found  it  in  greatest  quan- 
tity in  the  blood  and  in  all  the  animal  fluids  which  are  intended 
immediately  for  the  nutrition  of  the  organs;  a  close  investigation  of 
many  animal  tissues  has  shown  that  albumen  needs  only  slight  modi- 
fications for  its  consolidation  under  various  forms,  sometimes  con- 
stituting the  fluid  of  the  crystalline  lens  under  the  form  of  globulin, 
sometimes  developing,  under  that  of  syntonin,  the  solid  contractile 
parts,  by  which  alone  voluntary  and  involuntary  movements  are 
performed  in  the  animal  body;  we  have  found  it  again  in  the  solu- 
ble and  insoluble  form  in  the  most  delicate  organic  compound, 
in  the  contents  of  the  nerve-tubules,  in  which,  in  a  measure,  the 
highest  potentiality  of  all  organic  life  is  deposited.  Unfortunately, 
in  our  present  entire  ignorance  of  the  chemical  constitution  of  this 
body,  we  can  hardly  imagine  upon  what  the  transformations  of 
albumen  into  globulin,  syntonin,  &c,  depend,  and  what,  properly 
speaking,  adapts  these  substances  to  their  life-functions,  as  different 
as  important.  The  animal  germ  is  found  imbedded  in  a  fluid 
abounding  in  albumen  and  casein,  from  which  it  draws  the  mate- 
rials necessary  for  its  development;  to  the  suckling  also,  a  fluid  is 
afforded  to  it,  for  its  development,  in  milk,  which,  together  with 
sugar  and  fat,  contains  only  a  protein-body  rich  in  salts,  casein. 
Thus,  at  the  time  when  the  organism  needs  for  the  development  of 
the  gelatinous,  non-albuminous  tissues  the  greatest  afflux  from 
without,  protein-substance  only  is  afforded  to  it,  together  with 
these  non-nitrogenised  bodies  ;  hence  gelatin-yielding  tissue,  elastic 
tissue,  in  short  all  the  -non-albuminous  nitrogenised  tissues  must 
be   formed  in   the   animal   organism   from  it.     So   also   the  her- 
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bivorous  animals  find  in  their  food  no  substances  yielding  gelatin, 
but  only  protein-bodies  with  these  non  nitrogenised  substances. 
There  can  hence  be  no  doubt  that  from  casein  and  albumen  result 
all  the  solid  substances  of  the  tissues ;  but  as  the  latter  are  on  the 
average  much  richer  in  oxygen  than  the  protein-bodies,  it  is  more 
than  probable  that  the  oxygen  introduced  into  the  blood  through 
the  lungs  occasions  this  transformation  of  the  protein -substances 
into  the  different  materials  of  tissue.  We  are  still  far  too  little 
acquainted  with  the  process  of  this  development  of  tissue,  the  indi- 
vidual stages  of  this  transformation  of  the  protein-bodies  into  tissue- 
materials,  the  individual  steps,  to  venture  to  represent  these  pro- 
cesses in  chemical  equations.  Even  if  we  had  reason  to  suppose 
that  albumen  is  transformed  into  fibrin  before  subserving  the 
formation  of  gelatin-yielding  tissue,  and  that  a  tissue  is  always 
chondrin-yielding  or  mucus-yielding  (connective  tissue  of  the  foetus) 
before  it  becomes  gelatin-yielding,  the  actual  matter-of-fact  condi- 
tion of  the  process  in  question  is  by  no  means  thereby  ascertained. 
For  if,  chemically  speaking,  the  rational  composition  of  all  these  sub- 
stances were  precisely  known,  it  could  not  be  decided  with  certainty, 
in  our  ignorance  of  the  individual  conditions  of  the  process,  to 
which  of  the  many  possible  combinations  and  modes  of  representa- 
tion capable  of  being  expressed  in  formulas,  the  preference  should 
be  given.  We  must  not  think  that  the  simplest  formula  or  mode 
of  representation  must  always  be  the  right  one  in  the  explanation 
of  these  processes.  As  no  cell,  no  fibre  appears  to  be  formed  with- 
out the  concurrence  of  fats  and  certain  salts,  these  should  probably 
be  taken  in  generally  as  integral  factors  of  such  processes  in  the 
chemical  equation ;  indeed  it  may  be  maintained  almost  with  cer- 
tainty of  some  substances,  e.  g.,  the  nitrogenised  acids  of  the  bile, 
that  they  are  not  simple  products  of  transformation  of  the  protein- 
bodies,  but  that  the  non-nitrogenised  carriers  (Trager),  of  the 
animal  tissue-metamorphosis  contribute  to  their  composition.  In 
all  attempts  to  explain  the  formation  and  transformation  of  these 
nitrogenised  bodies,  we  only  move  in  a  circle  of  probabilities 
or  possibilities  without  having  obtained  any  fixed  basis  for  this  or 
that  view.  This  much  only  results  with  some  degree  of  certainty, 
from  the  simple  comparison  of  the  empirical  composition  of  these 
substances,  and  from  corresponding  statistical  investigations  of  the 
metamorphosis  of  tissue  in  the  animal  body,  that  the  different 
phases  under  which  the  organic  molecule  appears  in  the  animal 
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body,  are  materially  influenced  by  the  oxygen  respired,  and  that 
this  influence,  under  various  circumstances,  affords  the  principal 
cause  for  the  numerous  modifications  which  the  albumen  molecule 
undergoes,  even  to  the  final  excretion  of  its  last  effete  particles  in 
the  form  of  urea  and  similar  substances. 

Mention  has  previously  been  made  of  the  physiologico-chemical 
processes  respecting  the  fats  (p.  69).  These  bodies  are  introduced 
into  the  animal  organism  from  without  in  great  quantity ;  we  have 
seen  that  they  are  absorbed  in  the  alimentary  canal  principally  by  the 
aid  of  the  bile.  Eeasons  were  also  given,  which  render  probable  the 
opinion  that  a  small  quantity  of  fat  is  necessary  for  the  transformations 
of  the  articles  of  food,  particularly  the  nitrogenised,  which  take  place 
in  the  stomach  and  intestines.  After  its  arrival  in  the  blood,  the  fat 
must  undergo  various  transformations  according  to  the  purposes  to 
which  it  is  applied  in  the  organism.  In  reality,  these  transforma- 
tions amount  to  a  separation  of  the  fat  base,  and  a  gradual  oxidation 
of  the  fat  acids  thus  formed.  Whether  the  alkali  of  the  blood  gives 
rise  to  the  decomposition  of  the  fat,  or  any  other  substance  resem- 
bling a  ferment  effects  it,  has  not  been  yet  decided ;  we  also  do  not 
know  in  what  gradations  the  fat-acids  of  higher  atomic  weight,  i.  e., 
those  richer  in  carbohydrogen,  are  decomposed  into  those  that  are 
poorer  in  carbohydrogen,  and  of  less  atomic  weight.  The  final 
result  of  all  the  transformations  of  fats  in  the  animal  body  is  either 
that  they  are  perfectly  consumed  into  carbonic  acid  and  water,  or 
that  they  are  excreted  with  the  sweat  in  the  form  of  formic,  acetic, 
and  butyric  acids.  The  fats  must  hence  contribute  with  their  small 
content  of  oxygen  more  than  any  other  bodies  to  the  maintenance 
of  animal  temperature  by  means  of  this  more  or  less  rapid  oxida- 
tion ;  they  have  hence  been  called  agents  of  respiration,  as  opposed 
to  the  nitrogenised  articles  of  food ;  we  shall  recur  more  fully  under 
"  Respiration"  to  their  thermogenetic  equivalent.  The  fats  under- 
go, however,  by  no  means  so  rapid  an  oxidation  in  the  animal  body 
as  might  have  been  expected  from  the  last-named  function,  and  as 
we  see  other  non-nitrogenised  substances  consumed  in  the  blood, 
e.  g.,  lactic,  citric,  and  malic  acids,  &c.  They  seem  to  be  the  most 
difficult  and  last  of  the  easily  combustible  substances  to  undergo 
oxidation  ;  for  if  furnished  to  the  organism  in  sufficient  quan- 
tities, they  are  deposited  in  peculiar  cells,  as  fat-cells  in  different 
places  in  the  connective  tissue.  According  to  exact  investigations, 
occasion  is  given  by  their  abundant  introduction  into  the  body  for 
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the  formation  of  new  cells  ;  that  such  fat  may  be  stored  away,  pro- 
tein-bodies must  be  applied  for  the  formation  of  the  places  of 
deposit.  It  is  even  believed  that  by  excessive  introduction  of  fat, 
and  deficiency  of  disposable  protein-substance,  even  the  muscular 
fibre  is  emptied  of  the  latter,  that  fat  may  be  deposited  in  these 
protein-membranes. — As  here  the  protein  is  appropriated,  in  order  to 
develope  these  fat-cells,  so  fat  appears  to  participate  in  the  forma- 
tion of  cells  and  tissues  ;  in  fact,  a  theory  of  cell-formation  has  been 
presented,  according  to  which  the  first  foundation  of  every  cell  is 
formed  by  a  fat-globule,  surrounded  by  a  thin  protein-layer.  It  is  a 
fact  that  in  all  cellular  organs  or  in  all  tissues  in  the  act  of  develop- 
ment, considerable  quantities  of  fat  are  found ;  we  thus  see  pus  and 
many  cancers  rich  in  fat ;  the  hair-bulbs,  in  which  an  active  cell- 
formation  takes  place,  imbedded,  as  it  were,  in  the  sebaceous  glands; 
in  the  chyle,  where  the  cell-like  corpuscles  are  to  be  observed  in 
different  stages  of  their  development,  much  fat  is  always  contained ; 
the  germinal  vesicle  is  surrounded  by  the  fat-abounding  yolk-fluid ; 
in  the  muscular  fibrils  of  the  foetus  we  recognize  still  numerous 
fat-globules,  &c.  The  opinion  is  thus  not  without  grounds,  that  fat 
is  an  important  factor  in  cell-formation.  We  are,  however,  so  much 
the  less  able  to  give  a  scientific  demonstration  of  the  chemical 
changes  accompanying  this  process,  as  we  are  destitute  of  any  in- 
vestigations which  afibrd  conclusions  as  to  the  composition  of  the 
fat  found  in  such  cells,  and  even  of  the  morphotic  constituents 
forming  the  cells. — The  deposition  of  a  peculiarly  modified  fat  in 
the  nerve-tubules,  indicates  very  significantly  that  fat  is  not  to  be 
regarded  only  as  a  simple  material  for  combustion,  and  also  gives 
room  for  the  suggestion  that  it  plays  a  part  even  in  the  function  of 
the  nerves,  and  undergoes,  during  the  latter,  certain  modifications,  to 
which  we  find  it  exceedingly  inclined  by  close  chemical  investiga- 
tion. The  peculiarity  of  the  nerve-fats,  their  different  melting  and 
congealing  points,  prove  that  we  have  here  different  stages  of  fat- 
transformation.  Finally,  the  fact  that  when  the  fat  has  disappeared 
from  almost  all  other  organs,  it  remains  in  unaltered  proportion  in 
the  nerves,  indicates  very  significantly  that  these  fats  are  indis- 
pensable for  nerve-action.  As  yet  we  know  neither  the  individual 
nerve-fats,  nor  their  constitution,  precisely;  we  are  hence  wholly 
unable  to  indicate,  even  in  a  degree,  the  chemical  process  which 
accompanies  nerve-action  with  reference  to  the  fats. — Attention  has 
already  been  called  in  zoochemistry  (p.  79),  to  the  grounds  which 
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render  it  probable  that  a  portion  of  the  fat  in  the  animal  body, 
especially  the  oleic  acid,  co-operates  in  the  formation  of  the  resinoid 
bile-acids.      The  process   cannot  be  any  further  pursued  in  this 
place. — A  very  important  question  in  the  consideration  of  animal 
tissue-metamorphosis  is,  whether  fat  can  be  developed  in  the  animal 
tody  itself  i.  e.,from  protein-bodies  or  carbohydrates.    That  the  animal 
organism  must  possess  this  power  has  been  previously  (p.  70)  stated, 
from  statistical  researches;  the  general  opinion  now  is  that  the  fat 
newly  originating  in  the  animal  body,  has  its  sources  in  the  carbo- 
hydrates of  the  food.     Certain  phenomena  indicate,  however,  that 
protein-bodies  are  also  able,  in  their  decomposition  in  the  organism, 
to  yield  fat,  together  with  nitrogenised  products.     We  have  not 
been  able  chemically  to  produce  ordinary  fat  from  protein-bodies, 
but  chemical  facts  do  not  at  least  contradict  such  an  opinion ;  for 
under  favorable  conditions  casein,  fibrin,  &c,  are  disintegrated  into 
ammonia-salts  and  volatile  fat-acids.     As  far  as  observations  on 
the  formation  of  adipocire  extend,  it  assumes  the   appearance  of 
the  muscular  substance  being  transformed  simply  into  an  ammonia- 
soap.      It  is  also  well  known  that,  in  paralyzed  muscles,  the  sub- 
stance of  the  fibrils  gradually  vanishes,  and  quantities  of  fat  are 
deposited  in  its  place.     In  pathologically  affected  tissues,  especially 
after  inflammatory  processes,  we  very  often  see  fat-granules  occur, 
which  fill  up,  and  surround  the  remnants  of  wasted  cells  (fatty  de- 
generation).    Animal  substances  free  from  fat,  such  as  the  crys- 
talline lens,  white  of  egg,  &c.,  have  also  been  introduced  into  the 
peritoneal  cavity  of  living  animals ;  in  the  course  of  from  four  to 
eight  weeks  the   residual  mass  has  not   indeed  vanished,  but  is 
found  poor  in  protein -substance,  and  very  rich   in  fat.      These 
experiments  give  a  high  degree  of  probability  to  the  opinion  that 
here  fat  arises  from  protein-substances ;  but  it  is  readily  conceivable 
that  in  these  cases  the  fat  has  been  infiltrated  and  deposited  from  the 
mass  of  the  fluids  into  the  vacuities  resulting  from  the  absorption 
of  the  protein — as  we  see,  that,  in  diseases  which  are  accompanied 
with  rarefaction  of  the  osseous  tissue,  an  oily  fat  enters  into  the 
enlarged  bone-cavities.     Further  investigations  have  shown,  on  the 
one  hand,  that  protein-bodies  inclosed  in  collodion,  gutta-percha,  or 
corked  vials,  do  not  undergo  such  fat-metamorphosis  in  the  organ- 
ism, and  on  the  other,  that  non -albuminous  substances,  e.  g.,  pieces 
of  bone,  wood,  and  alder-pith,  take  up  quantities  of  fat  in  their  pores 
when  long  resident  in  the  peritoneal  cavity  of  an  animal,  and 
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become  covered  with,  a  yellowish,  fatty  layer  of  exudation.  A 
definitive  decision  of  the  pending  question  is  not,  however,  afforded 
by  the  last  experiments,  which  contradict  in  a  measure  the  hypothe- 
sis, as  it  is  not  only  conceivable,  but  very  probable,  that  the  access 
of  the  organic  fluids  to  the  protein  may  be  necessary  to  induce  in  it 
the  fat-metamorphosis,  and  as  the  exudation  which  incloses  the 
dead  material  may  undergo  the  same  process.  Certain  experiments 
which  have  been  instituted  upon  the  eggs  of  the  Linnaeus  stagnalis 
during  their  development,  seem  to  indicate  an  increase  of  fat 
during  the  development  of  the  embryo  caused  by  decomposition  of 
albuminous  material,  and  thus,  at  least  in  this  case,  to  exhibit  an 
origination  of  fat  from  albumen.  The  whole  question  is  therefore 
to  be  regarded  as  still  open. 

The  physiological  importance  of  the  third  group  of  substances 
which  participate  actively  in  the  metamorphosis  of  animal  tissue 
is  but  little  esteemed  in  general,  as  these  bodies  have  been  long 
since  withdrawn  from  dokymastic  analysis.  Only  four  of  the 
carbohydrates  occur  in  the  animal  body — dextrin,  grape-sugar, 
lactin,  and  inosit.  With  the  exception  of  the  cellulose  deposited 
in  the  mantles  of  the  Tunicata,  none  of  these  carbohydrates  forms 
the  basis  of  animal  tissue ;  we  find  them,  on  the  other  hand,  in 
nearly  all  the  animal  fluids,  which  either  are  destined  for  nutri- 
tion or  in  which  an  active  metamorphosis  of  material  takes  place. 
We  have  found  sugar  in  the  blood,  the  lymph,  the  chyle,  the  white 
and  yolk  of  egg,  and  in  milk ;  proof  enough  that  this  carbohydrate  is 
to  participate  actively  in  different  animal  processes.  Nature  herself, 
however,  affords  us  the  best  proof  of  the  importance  of  sugar  in  the 
metamorphosis  of  animal  tissue  in  providing,  by  means  of  an  organ, 
the  liver,  that  even  when  no  sugar  is  introduced  from  without,  the 
organism  shall  still  not  be  deficient  in  it  (compare  p.  98).  Like  the 
fats,  sugar  is  numbered  among  the  materials  for  respiration  and  must 
contribute  importantly  to  the  maintenance  of  animal  temperature, 
as  it  does  not  pass  into  the  excretions,  but  is  very  quickly  oxidized 
in  the  blood  into  water  and  carbonic  acid.  But  this  substance  sub- 
serves exclusively  this  purpose  as  little  as  the  fats  do ;  the  sugar 
would  scarcely  in  that  case  be  first  formed  in  the  liver  from  nitro- 
genised  bodies. — Sugar  undergoes  before  its  oxidation  various  trans- 
formations, by  which  it  participates  in  this  or  that  process  condu- 
cive to  life.  Thus,  it  is  at  least  partly  transformed  into  acids ;  even 
in  the  primas  vise,  some  free  acid  results  from  the  sugar  derived 
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from  the  starcli  which,  in  consequence  of  its  diffusibility,  contributes 
to  the  absorption  of  the  intestinal  contents.  We  find,  as  already 
stated,  alkali  and  free  acid  very  differently  distributed  in  the  animal 
organism ;  we  shall  again  recur  to  the  importance  of  this  distribu- 
tion. If  the  carbohydrates  were  merely  burned  off  in  the  organism 
without  forming  acids,  in  that  of  the  herbivora,  at  least,  an  acid  re- 
action, or,  what  is  the  same  thing,  an  acid  phosphate,  could  never 
be  formed.  As  the  ashes  of  plants  (except  those  of  some  seeds) 
constantly  react  alkaline,  the  food  of  herbivorous  animals  could 
develop  only  alkaline-reacting  fluids  in  their  organism,  and  the  op- 
position between  acid  and  alkaline  fluids  so  necessary  to  the  life  of  the 
animal  could  not  occur. — Sugar  is  a  very  good  solvent  of  carbonate 
and  phosphate  of  lime.  In  the  development  of  the  foetus  in  the  bird's 
egg,  in  which  we  find  so  remarkable  an  increase  of  lime,  this  may 
be  derived  from  the  egg-shell  through  the  agency  of  the  sugar. — 
Statistical  experiments  on  mast-fed  animals,  as  also  upon  bees  fed 
only  with  sugar  or  refined  honey,  have  shown  that  fat  must  be 
developed  in  the  animal  body  from  the  carbohydrates ;  but  where 
this  formation  of  fat  takes  place,  and  with  what  process  it  is  com- 
bined, it  has  not  yet  been  possible  to  ascertain.  In  the  colon  we 
often  see  butyric  acid  occurring  after  the  ingestion  of  amylaceous 
food;  but  this  knowledge  does  not  entitle  us  to  the  supposition 
that  the  formation  of  fat  takes  place  here.  The  focus  of  fat-forma- 
tion has  also  been  sought  in  the  liver :  but  is  it  possible  that,  on  the 
one  hand,  sugar  should  be  formed  from  protein-bodies,  and  on  the 
other,  be  at  the  same  time  transformed  into  fat,  while  we  yet  see  it 
leave  the  liver  in  such  great  quantities  ? — It  is  certain  that  sugar 
participates  in  several  other  processes  besides  those  here  indicated ; 
but  unfortunately  all  points  of  support  for  their  consideration  are 
wanting. 

The  contrast  in  the  reaction  of  the  proper  nutritive  fluids  of  the 
body,  and  most  of  the  parenchymatous  fluids,  has  already  been 
often  noticed.  Besides  the  muscles,  the  liver,  spleen,  thymus  gland 
and  supra-renal  bodies  contain  free  acids.  There  exists  some  ground 
for  the  opinion  that  the  occurrence  of  these  free  acids  is  less  directly 
associated  with  the  functions  of  these  organs  than  with  the  presence 
of  smooth  muscles,  which  are  present  in  all  of  them ;  at  least  those 
organs  are  found  to  be  richest  in  free  acids  which  contain  most 
muscular  fibrillin.  Numerous  observations  indicate  that  free  acid 
appears  in  the  muscles  only  when  these  are  or  have  recently  been 
16 
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in  action.     The  free  acid  would  thus  seem  to  have  its  origin  in  the 
waste,  i.  e.,  the  disintegration  of  the  muscular  substance.     Its  pre- 
sence in  the  parenchymatous  fluid  must,  however,  necessarily  be 
followed  by  certain  physical  and  chemical  relations.     Whether,  in 
the  first  place,  a  certain  manifestation  of  polarity  connected  with  the 
function  of  the  organs  is  occasioned  by  this  contrast,  is  not  yet 
ascertained.      That,  further,  certain  diffusive  currents  in  different 
directions  are  thereby  excited,  may  rather  be  inferred  than  specially 
demonstrated,  as  we  are  still  by  no  means  sufficiently  informed  as 
to  the  laws  of  diffusion  to  be  able  to  deduce  from  them  the  mole- 
cular movements   concerned,    and   thus    explain  the   mechanical 
tissue-metamorphosis  in  question. — A  chemical  consequence  of  the 
occurrence  of  lactic  acid  in  the  organs  which  contain  muscles  and 
fibre-cells  is  the  formation  of  acid  phosphates.    We  have  found,  in  all 
these  parts,  the  phosphates  increased  at  the  same  time  as  opposed 
to  the  alkaline  fluids.     This  abundance  of  acid  phosphates  may 
partly  depend  upon  the  withdrawal,  by  the  free  acid,  of  the  phos- 
phates from  the  undecomposed  protein-bodies,  and  partly  by  the 
former  becoming  separated,  and  thus  in  a  measure  free  from  the 
latter  in  the  decomposition  of  the  muscular  fibre.   If,  however,  some 
peculiar,  and  to  us  at  present  incomprehensible,  conditions  of  diffu- 
sion were  not  here  operative,  their  accumulation  in  these  fluids,  as 
opposed  to  the  blood-serum,  would  still  remain  inexplicable.     It  is 
also  worthy  of  remark  that  potash  salts  accompany  this  free  lactic 
acid  and  the  acid  phosphates,  while  we  find  soda  compounds  pre- 
ponderating in  the  blood-serum.    Had  not  recent  experiments  shown 
that  even  very  strong  chemical  combinations  are  decomposed  by 
diffusion,  and  further,  that  the  equivalents  of  diffusion  of  potash  and 
soda  salts  are  somewhat  different,  we  would  scarcely  have  ventured 
to  seek  the  cause  of  this  striking  separation  of  the  potash  and  soda 
compounds  in  physical  relations.     Although  we  are  not  yet  able  to 
follow  precisely  the  currents  of  diffusion  as  conducted  according  to 
definite  laws,  we  still  know  that  these  laws  exist,  upon  which  this 
peculiar  separation  of  the  mineral  substances  depends.    But,  if  we 
are  deficient  in  methods  of  explanation,  i.  e.,  in  thoroughly  investi- 
gated and  established  laws,  we  are  so  much  the  more  admonished 
to  remember  the  facts  concerned,  so  that  hereafter  we  may  have  a 
firmer  basis  for  the  application  of  the  laws  in  question.   As  we  have 
already  seen,  contrasts  similar  to  that  between  the  muscular  and 
blood  fluid  are  also  found  between  the  yolk  and  the  white  of  the 
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egg,  and  between  the  contents  of  the  blood-cells  and  the  intercellular 
fluid.  A  free  acid,  indeed,  is  not  demonstrable  either  in  the  yolk 
or  in  the  contents  of  the  blood-cells,  but  each  of  them,  on  careful 
incineration,  yields  an  ash  reacting  strongly  acid,  on  account  of  acid 
phosphates.  Numerous  investigations  render  it  probable  that  we 
have  here  paired  compounds  of  phosphoric  acid  to  deal  with; 
glycero-phosphoric  acid  is  as  yet  the  only  certainly-known  com- 
pound of  this  sort,  but  other  similar  compounds  may  frequently 
exist  in  the  animal  body,  especially  wherever  the  ash  contains  acid 
phosphates  or  metaphosphates.  To  this  class  belong,  e.  g.,  most  of 
the  substrata  of  animal  tissues  which  yield  an  ash,  in  which  only  1 
equiv.  of  base  occurs  to  1  equiv.  of  phosphoric  acid;  a  fresh  argument 
for  the  opinion  previously  expressed  (p.  225),  that  the  phosphates 
may  participate  in  the  formation  of  cells  and  tissues. — That,  more- 
over, it  is  not  only  the  conditions  of  diffusion  which  produce  the 
accumulation  of  the  phosphates  and  potash  salts  in  the  muscles,  but 
that  chemical  relations  also  detain  the  phosphoric  acid  in  those 
organs,  may  be  concluded  from  the  fact  that,  in  the  organs  alluded 
to  of  the  herbivora,  there  are  found  no  less  phosphates  and  potash 
than  in  those  of  carnivora;  while  in  the  liquor  sanguinis  of  the 
former  scarcely  traces,  and  in  that  of  the  latter  very  variable  quan- 
tities of  phosphates  are  found,  depending  upon  the  amount  of  ani- 
mal food  ingested.— While  we  can  only  present  conjectures  as  to 
the  function  of  the  free  acid,  or  the  paired  compounds  of  phosphoric 
acid  in  these  organs,  certain  consequences  of  the  presence  of  free  or 
loosely  combined  alkali  in  the  liquor  sanguinis  may  be  foreseen  of 
necessity.  "We  can  predict,  with  certainty,  that  the  alkali  must 
exercise  an  oxidizing  operation  upon  many  organic  materials,  under 
the  conditions  which  obtain  in  the  blood  while  circulating ;  for,  it  is 
a  well-known  chemical  experience,  that  many  organic  substances 
are  oxidized  in  the  air,  i  e.,  on  the  access  of  oxygen  only  by  the 
agency  of  an  alkali,  or  at  least  much  more  rapidly  than  without  it. 
While  we  see  organic  acids  out  of  the  body  (for  instance  gallic  and 
pyro-gallic  acids),  when  combined  with  an  alkali,  rapidly  absorb 
oxygen,  and  become  decomposed,  we  find  that  lactates,  tartrates, 
acetates,  &c,  of  the  alkalies  directly  injected  into  the  blood,  or 
absorbed  from  the  intestine,  are  very  soon  consumed  to  carbonates 
of  the  alkalies  by  the  presence  of  the  oxygen  dissolved  in  the  blood. 
Can  we  wonder  further  at  the  rapid  consumption  of  the  sugar  in 
the  blood,  when  we  remember  that  this  sugar,  in  the  presence  of  an 
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alkali,  is  able  to  take  away  even  combined  oxygen,  and  withdraw 
it  from  the  oxide  of  copper  and  many  other  oxides  ?  As,  however, 
in  chemical  researches,  the  sugar  is  not  perfectly  oxidized  into 
water  and  carbonic  acid,  but  a  highly  oxygenated  acid  is  formed, 
so  also  in  the  blood  the  sugar  is  probably  not  oxidized  at  one  blow; 
at  least  an  acid,  without  doubt  originating  from  the  sugar,  is  dis- 
covered in  it.  It  cannot  be  denied,  further,  that  the  alkali  in  the 
blood,  even  when  combined  with  carbonic  acid,  must  effect  a  saponi- 
fication of  the  fats ;  whether  it  also,  with  the  help  of  the  oxygen  of 
the  blood,  exerts  an  oxidizing  influence  upon  the  fat-acids  formed, 
cannot  be  asserted  with  equal  certainty ;  yet  the  gradual  consump- 
tion of  the  fats  in  the  animal  body  is  scarcely  otherwise  to  be  ex- 
plained. The  part  which  the  alkali  takes  in  the  transformation  of 
albumen  into  fibrin,  and  chondrin-  and  glutin-yielding  tissues,  can- 
not as  yet  be  accurately  pointed  out ;  but  numerous  pathological 
facts  indicate  that  this  part  is  not  an  unimportant  one.  That,  more- 
over, purely  chemical  relations,  combined  with  number  and  mass, 
are  the  conditions  of  these  phenomena,  may  be  most  readily  seen 
from  the  fact  that  this  oxidizing  power  of  the  blood  is  very  intense, 
but  not  very  extensive ;  for,  as  soon  as  the  introduction  of  sugar  or 
acids  into  the  blood  exceeds  a  certain,  and  by  no  means  far-removed 
bound,  these  substances  pass  unchanged  into  the  excretions.  Hence 
salicin,  e.  g,,  is  oxidized  in  the  body  according  to  the  individual 
conditions  and  the  amount  of  it  taken  sometimes  only  into  salicy- 
lous  and  sometimes  into  salicylic  acid. 

Chloride  of  sodium,  also,  a  body  apparently  so  indifferent  and 
difficult  of  decomposition,  is  an  active  factor  in  several  animal  pro- 
cesses. Facts  indicate  that  in  most  of  the  animal  fluids,  and  espe- 
cially in  the  blood,  the  proportion  of  common  salt  remains  nearly 
constant,  whether  much  or  little  of  it  be  introduced ;  direct  experi- 
ments, also,  on  animals,  a  part  of  which  received  common  salt  in 
their  food,  and  part  did  not,  have  proved  that  the  abundant  use  of 
chloride  of  sodium  is  without  influence  upon  the  formation  of  flesh 
and  fat,  but  that  the  animals  thus  fed  exhibited  a  better  appearance 
(especially  with  reference  to  the  hair-growth)  and  greater  activity 
than  those  fed  without  chloride  of  sodium.  The  proportion  of 
chloride  of  sodium  is,  moreover,  so  consulted  by  nature  that,  e.  g., 
in  abstinence,  or  the  use  of  food  absolutely  free  from  common 
salt,  the  blood  maintains  its  previous  proportion  of  chloride  of 
sodium,  so  that  none  then  passes  into  the  excretions.     But  few 
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of  the  properties  of  chloride  of  sodium  will  serve  for  the  expla- 
nation of  the  processes  in  which  it  actively  participates ;  several 
protein-bodies,  e.  g.,  albumen  and  casein,  when  poor  in  alkali  and 
salts,  are  dissolved  by  the  solution  of  this  salt,  while  others,  as 
glutin  and  syntonin,  are  precipitated  by  it  from  acid  solutions. 
The  presence  of  chloride  of  sodium  in  the  blood,  in  exudations, 
&c,  may  hence  serve  in  one  case  for  the  solution,  in  the  other  for  the 
precipitation  of  certain  protein-bodies ;  but  such  an  influence  is  not 
yet  specially  demonstrable.  Chloride  of  sodium  enters  into  definite 
compounds  with  urea,  and  with  grape  sugar ;  hence,  both  of  these 
constantly  occur  in  the  organism  accompanied  by  it.  It  is  possible 
that  the  chloride  of  sodium  participates  in  the  transformation  of  the 
sugar,  and  in  the  excretion  of  the  urea.  Chloride  of  sodium  must 
also  be  decomposed  in  the  animal  organism.  Whether  the  free 
muriatic  acid  of  the  gastric  juice  arises  from  it,  and  not  from  the 
more  easily  decomposed  chloride  of  calcium,  is  at  least  doubtful ; 
in  the  blood  of  the  herbivora,  however,  the  chloride  of  sodium  must 
be  decomposed  by  the  carbonate  of  lime  arising  from  the  food,  for 
we  find  in  it,  in  four  parts  of  carbonated  alkali,  three  parts  carbonate 
of  soda,  and  only  one  part  carbonate  of  potassa,  while  in  the  fluid 
of  the  muscles  only  chloride  of  potassium  exists.  The  bile  also  of 
herbivorous  animals  contains  soda  salts  almost  solely ;  it  appears 
thus  as  if  these  were  more  necessary  for  the  formation  of  bile  than 
the  potash  salts.  These  phenomena  cannot  be  merely  accidental, 
although  we  do  not  at  present  know  how  to  explain  them.  Chlo- 
ride of  sodium  is  of  manifest  importance  to  the  mechanical  tissue- 
metamorphosis ;  the  constant  proportion  of  it  in  the  blood  is  an 
influential  factor  of  the  process  of  absorption.  The  intestines  con- 
tain a  fluid  of  but  little  concentration  ;  from  the  blood  diluted  by 
this,  the  water  which  has  been  absorbed  is  immediately  withdrawn 
again  by  the  kidneys,  so  that  the  common-salt  solution  of  the  blood 
retains  almost  constantly  the  same  concentration.  As  we  finally 
find  large  quantities  of  chloride  of  sodium  in  organs  abounding  in 
cells,  as,  for  instance,  in  cartilage  and  hair,  in  secretions  and  exuda- 
tions, which  are  especially  disposed  to  the  formation  of  cells,  such 
as  mucus,  pus,  and  cancer,  and  see  it  disappear  wholly  from  the 
urine  upon  the  secernment  of  these  exudations  (as  in  pneumonia), 
it  is  probable  that  chloride  of  sodium  has  an  influence  over  the 
formation  of  cells,  or  rather  that  it  hinders  their  further  transform- 
ation into  tissues;  as  to  the  manner  of  this  operation,  we  have 
unfortunately  no  idea. 
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DIGESTION. 

By  digestion,  we  understand  the  series  of  processes,  chemical  and 
physical,  by  means  of  which  the  introduction  of  food  into  the 
vascular  system,  for  the  replacement  of  the  effete  portions  of  the 
organs,  and  for  the  maintenance  of  the  functions  of  life,  is  accom- 
plished. 

In  order  to  become  capable  of  being  received  into  the  fluids  of 
the  animal  body,  the  articles  of  food  must  be  transformed  into  a 
soluble  condition.  The  capability  of  absorption  is  not  an  accidental, 
unconditional  property  belonging  to  them ;  this  property  must  stand 
in  as  close  relation  to  all  their  other  physical  and  chemical  qualities 
as  these  do  to  each  other  (compare  p.  55).  On  this  account,  the  sub- 
stances which,  under  similar  circumstances,  will  undergo  absorption, 
exhibit  otherwise  very  decided  analogies ;  in  analogous  substances, 
the  absorbability  will  coincide  with  certain  other  qualities ;  these 
qualities  are  again  properties,  closely  connected  together;  the  solu- 
bility, the  degree  of  condensation  in  the  solution,  and  the  equiva- 
lent of  diffusion  or  endosmose.  These  are  the  proximate  conditions 
which  are  to  be  considered  in  the  explanation  of  the  absorption  of 
substances  in  the  intestines;  absorption  is  nothing  more  than  a  func- 
tion of  the  mechanical  conditions  just  mentioned.  As,  however,  we 
have  not  reduced  any  of  the  different  varieties  of  attraction  be- 
tween water  and  solid  bodies  to  a  mathematical  formula,  and  the 
relations  between  them  are  not  ascertained,  we  are  still  unable  to 
give  an  actual  explanation  of  the  process  of  absorption ;  for,  how 
is  an  explanation,  i.  e.,  a  deduction  of  the  phenomena  from  laws, 
conceivable,  when  these  laws  are  still  unknown?  We  must, there- 
fore, at  present,  content  ourselves  with  a  general  indication  of  the 
phenomena  of  absorption  according  to  physical  analogies,  being 
confident,  however,  that  physical  conditions  alone  give  rise  to  ab- 
sorption. As,  then,  the  capability  of  absorption  is  occasioned  by 
the  relative  combination  of  several  qualities  connected  with  the 
original  relations  of  each  individual  substance,  so  is  also  their  whole 
behavior  to  the  agents  by  which  digestion  is  effected,  i.  e.,  the  diges- 
tive fluids.  Chemical  and  physical  properties  are  by  no  means  such 
dissonant  ideas  as  they  are  generally  regarded ;  many  recent  observa- 
tions have  clearly  shown  the  transition  of  physical  into  chemical 
qualities  ;  and  it  is  well  known  how  much  physical  properties  in- 
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fluence  the  chemical,  and  the  latter  the  former ;  it  is  not,  therefore, 
paradoxical  to  believe  the  absorbability  of  a  substance  to  be  as 
much  dependent  upon  its  essential  qualities  as  its  behavior  to  the 
digestive  fluids,  and  hence,  to  conclude  that  definite  relations  must 
exist  between  the  capability  of  absorption  of  a  substance,  and  its  reaction 
with  the  digestive  fluids.  Since,  then,  the  properties  of  substances 
most  important  for  their  digestion  depend  upon  certain  of  their 
essential  qualities,  we  must,  in  a  scientific  treatment  of  this  subject, 
in  order  to  take  a  safe  course  for  a  scientific  knowledge  of  the  whole 
process,  divide  the  objects  of  digestion,  not  according  to  their  physio- 
logical purposes,  nor  according  to  their  useful  or  injurious  qualities, 
but  group  them  together  only  according  to  the  analogy  of  their 
essential  qualities. 

As  we  consider  the  process  of  digestion  (in  the  narrower  sense) 
as  inseparable  from  the  process  of  absorption,  we  must,  before 
following  the  objects  of  digestion  themselves,  and  their  fate  in  the 
alimentary  canal,  notice,  first,  several  mechanical  conditions  of  ab- 
sorption. The  current  of  diffusion  from  the  intestinal  cavity  in 
the  direction  of  the  mass  of  the  fluids,  is  very  much  favored  by 
the  following  conditions :  the  solution  of  substances  in  the  intes- 
tines is  very  dilute,  partly  because  the  materials  to  be  digested,  as 
starch  and  protein  substances,  are  very  gradually  transformed  into 
the  soluble  state,  and  partly  because  the  fluids  flowing  into  the  in- 
testines are  very  watery,  and  contain  but  few  solid  constituents. 
The  endosmose  of  these  very  dilute  solutions  of  the  intestinal  con- 
tents, is  so  much  the  more  easily  accomplished,  as  the  blood  is  very 
concentrated — in  fact,  the  most  concentrated  fluid  of  the  animal 
body.  By  the  taking  up  of  large  quantities  of  water,  this  condition 
would  soon  be  disturbed  if  the  blood  were  not,  by  certain  mechan- 
isms, maintained  at  its  degree  of  concentration ;  these  consist,  partly, 
in  the  abundant  evaporation  of  water  from  the  blood  by  the  lungs 
and  skin,  and  partly  in  its  excretion  by  the  kidneys.  A  second 
circumstance  which  favors  the  transudation  from  the  intestines  into 
the  blood,  is  the  constant  movement  of  the  blood  in  the  capillaries ; 
the  blood  is  scarcely  at  all  diluted  by  the  watery  intestinal  fluid 
before  it  is  driven  into  the  larger  veins,  and  concentrated  blood 
again  takes  its  place.  Another  circumstance  which  promotes  the 
passage  of  the  intestinal  fluids  into  the  blood,  is  the  normal  acid 
reaction,  in  a  great  part,  of  the  intestinal  contents,  while  the  fluids 
destined  for  the  absorption  of  the  intestinal  solution,  have  a  strongly 
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alkaline  reaction.  We  know,  however,  that  free  acicl  promotes 
while  free  alkali  hinders,  exosmose.  Notwithstanding  these  ar- 
rangements, so  extremely  favorable  to  endosmose,  there  are  numer- 
ous substances,  which,  although  dissolved  in  the  water  of  the  intes- 
tinal contents,  would  still  pass  with  great  difficulty,  and  some  not 
at  all,  into  the  blood  of  the  intestinal  capillaries.  These  substances 
are  either  incapable  of  endosmose,  and  hence  must  first  be  modified 
by  the  digestive  fluids,  and  rendered  capable  of  it,  or  they  are  in- 
troduced into  the  mass  of  the  fluids  by  means  of  peculiar  mechani- 
cal agencies.  For  the  digestive  fluids  are  of  service  not  only  in 
rendering  the  objects  of  digestion  soluble,  but  by  so  changing  their 
qualities  as  to  incline  them  to  those  molecular  movements  which 
we  include  under  the  term  of  diffusion.  The  blood  is  moreover 
separated  from  the  intestinal  contents,  not  by  a  single  membrane, 
but  by  several  membranes  and  series  of  cells,  by  which  the  transi- 
tion must  be  in  some  degree  delayed,  especially  in  substances  which 
are  not  easily  diffusible,  e.g..  gum  and  albumen.  "We  find,  there- 
fore, peculiar  mechanical  provisions,  also,  for  the  acceleration  into 
the  blood  of  substances  which  are  not  easily  diffusible ;  these  con- 
sist of  the  chyle-vessels.  We  do  not,  indeed,  as  yet,  possess  a 
clear  idea  of  the  mechanism  of  absorption  by  the  latter.  All  the 
experiments  for  the  explanation  of  absorption  by  the  lymphatics, 

Fig.  31. 


Extremity  of  Intestinal  Villus. — A.  Seen  during  absorption,  .and  turgid  with  fat-glo- 
bules.    13.  Seen  during  the  interval,  and  showing  the  supposed  peripheral  network  of  lacteals. 


have  reference  only  to  the.  onward  movement  of  the  fluid  which  has 
already  entered  the  lacteals ;  the  contractility  of  the  intestinal  villi, 
dependent  on  the  smooth  muscular  fibres  which  enter  into  their 
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structure,  must  naturally,  from  time  to  time,  cause  the  fluid  con- 
tained in  them  to  be  driven  forward,  while  the  valves  in  the  vessels 
themselves  prevent  its  return.  But,  how  the  minutest  ramifications 
of  the  lymphatics  are  filled,  and  how  it  happens  that  a  number  of 
substances,  while  close  to  the  blood-capillaries,  pass  by  into  the  ex- 
tremities of  the  lacteals,  we  are  entirely  unable  to  explain.  For, 
although  we  may  imagine  a  specific  permeability  of  membranes  (as 
caoutchouc,  e.  g.:  is  not  permeable  by  water,  while  it  is  by  alcohol), 
yet  we  have  no  proof  that  the  bloodvessels  and  lacteal-membranes 
are  specific  partitions,  which  afford  a  passage  to  one  substance,  and 
not  to  another.  The  next  question  for  consideration  is,  which  sub- 
stances pass  immediately  from  the  alimentary  canal  into  the  blood, 
and  which  arrive  there  through  the  agency  of  the  lacteals?  And 
also,  what  essential  qualities  are  peculiar  to  these  groups  of  different 
absorbability?  There  are  two  methods  especially  which  have  been 
devised  in  order  to  ascertain  what  substances  follow  the  one  or 
the  other  mode  of  absorption.  The  first  method  which  was  pur- 
sued was  to  place  the  substance  in  question  in  the  intestine,  or 
in  a  portion  included  between  ligatures,  the  ductus  thoracicus,  or 
the  branch  of  the  lacteal  leading  from  the  knuckle  having  been 
previously  tied.  For  these  experiments,  either  such  substances 
were  chosen  as  could  readily  be  detected  chemically  in  the  blood, 
or  such  as  produced  very  soon  striking  toxical  phenomena,  in  order 
thereby  to  discover  their  passage  into  the  general  mass  of  the  fluids,  or 
exclusion  from  it.  The  second  method  consisted  in  searching  in  the 
blood,  especially  of  the  portal  vein,  and  in  the  chyle  for  the  sub- 
stances placed  in  the  alimentary  canal  of  an  animal  a  short  time  after 
their  ingestion ;  from  the  speedy  appearance  of  such  substances  in 
the  blood  and  urine,  or  the  exhalations  from  the  lungs,  an  imme- 
diate absorption  through  the  intestinal  capillaries  was  inferred. 

What  substances,  then,  according  to  these  experiments,  are  taken 
up  immediately  by  the  blood-capillaries  of  the  stomach  and  intes- 
tines without  undergoing  any  material  chemical  alterations?  We 
meet  among  these,  in  the  first  place,  many  neutral  salts  of  the 
alkalies,  the  acids  of  which  are  not  disposed  to  enter  into  com- 
binations with  other  matters  of  the  intestinal  contents ;  here  also 
belong,  secondly,  the  acids,  organic  as  well  as  mineral;  thirdly, 
the  volatile  haloid  bases  and  their  hydrates  (ethers  and  alcohols) ; 
fourthly,  the  volatile  oils  in  general ;  fifthly,  many  alkaloids,  vola- 
tile as  well  as  fixed ;  and  lastly,  a  number  of  pigments  whose 
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chemical  constitution  is  not  yet  sufficiently  explored.  It  is  difficult, 
and  indeed  at  present  impossible,  to  discover  in  these  various  sub- 
stances, any  common  essential  relations  upon  which  their  ready 
absorbability  by  the  bloodvessels  maybe  thought  to  depend.  That 
the  mere  solubility  does  not  occasion  their  absorbability,  is  evident 
from  the  fact  that  some  very  soluble  substances,  e.  g.,  gums,  tur- 
meric, &c,  are  not  generally  absorbed.  The  diffusive  capacity  of 
these  substances  is  unfortunately  so  imperfectly  ascertained,  as  yet, 
that  we  can  form  no  opinion  as  to  the  relations  in  question.  In 
the  mean  while  it  may  be  stated  that  those  substances  which  have 
hitherto  been  regarded  as  very  diffusible,  are  absorbed  by  the 
blood-capillaries,  while  those  whose  powers  of  diffusion  are  proved 
to  be  slight,  usually  enter  by  the  lymphatics  in  preference. 

From  the  deficiency  of  fixed  physical  principles,  we  shall  regard  the 
objects  of  digestion  according  to  their  chemical  categories,  and  begin 
with  the  so-called  carbohydrates.  Among  the  carbohydrates  here 
concerned,  grape  sugar  is  the  most  prominent,  partly  because  it  is 
found  pre-formed  in  many  articles  of  food,  and  partly  because  other 
carbohydrates  must  generally  be  converted  into  it  before  they  are 
absorbed,  or  undergo  further  transformations.  When  sugar  is 
introduced  into  the  digestive  canal  by  the  mouth,  it  is  distributed, 
as  is  proved  by  direct  experiments,  very  soon  (within  one  hour) 
over  large  tracts,  generally  as  far  as  the  ccecum;  there  is  then 
found  (about  an  hour  after  the  reception  of  the  sugar)  in  the  small 
intestine  a  thin,  often  quite  limpid  sugar-solution,  which  vanishes 
from  the  intestine  sooner  or  later,  according  to  the  degree  of  con- . 
centration  of  the  solution.  Generally  speaking,  the  absorption  of 
sugar  takes  place  very  gradually;  we  hence  but  seldom  find 
demonstrable  quantities  of  absorbed  sugar  in  the  chyle  and  in  the 
blood  of  the  portal  vein.  At  the  same  time,  the  amount  of  its 
absorption  does  not  stand  in  direct  relation  to  the  amount  of  sugar 
consumed  by  the  blood ;  for  after  abundant  ingestion  of  sugar,  its 
quantity  in  the  blood  may  rise  to  0.6  per  cent.,  when  the  excess  is 
excreted  by  the  kidneys  with  the  urine.  From  the  increase  of  the 
sugar  content  of  the  blood  after  its  ingestion,  it  results  that  the 
greater  part  of  the  grape  sugar  is  absorbed  unaltered ;  while  a  small 
portion  of  the  sugar  received  is  always  transformed  into  acids. 
After  the  ingestion  of  sugar,  the  contents  of  the  duodenum  and  jeju- 
num have  a  strongly  acid  reaction,  those  of  the  ileum  less  so:  the  acid 
reaction  depends  upon  the  lactic  acid  which  is  formed ;  the  ccecal 
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contents  then  again  react  strongly  acid,  but  here  much  butyric  with 
only  a  little  lactic  acid  is  found.  In  the  small  intestine,  the  lactic 
acid  fermentation  must  be  caused  by  the  bile  or  pancreatic  fluid, 
and  not  by  the  intestinal  fluid  or  intestinal  mucus ;  for  sugar-solu- 
tions placed  in  emptied  and  cleansed  knuckles  of  intestine,  are 
thence  absorbed  without  the  occurrence  of  acid  reaction  being 
observed.  That  grape  sugar  is  principally  and  in  great  part  ab- 
sorbed by  the  intestinal  capillaries,  is  to  be  inferred  from  its  rapid 
increase  in  the  blood  (in  1J  to  2  hours  after  the  reception  of  the 
sugar) ;  but  access  by  the  lacteals  is  not  closed  to  it ;  at  least, 
after  its  ingestion  in  large  quantities,  a  small  proportion  is  always 
found  in  the  chyle.  According  to  what  laws,  then,  does  the  absorp- 
tion of  sugar  in  the  intestine  ensue?  To  answer  this  question,  it 
must  be  remembered  that  the  diffusive  tendency  of  sugar  is  about 
one-half  less  than  that  of  chloride  of  sodium,  so  that  when  58.7  parts 
of  chloride  of  sodium  are  diffused,  under  similar  conditions,  only 
26.6  parts  of  sugar  undergo  diffusion.  In  the  endosmometer,  in  the 
place  of  one  part  by  weight  of  sugar,  seven  parts  by  weight  of  water 
enter;  according  to  comparative  investigations  with  chloride  of 
sodium  and  hydrated  sulphuric  acid,  it  results  that  the  endosmotic 
equivalent  of  sugar  is  twice  as  great  as  that  of  chloride  of  sodium, 
and  twenty  times  greater  than  that  of  hydrated  sulphuric  acid.  If 
absorption  follows  the  laws  of  diffusion,  according  to  this,  sugar 
will  be  absorbed  twice  as  slowly  as  chloride  of  sodium,  and  twenty 
times  more  slowly  than  hydrated  sulphuric  acid. 

Carefully  conducted  experiments  upon  animals  have  led  to  the 
following  results  as  to  the  absorption  of  sugar :  When  sugar-solu- 
tions are  included  in  ligated  knuckles  of  intestine  of  living  animals, 
the  quantities  of  sugar  absorbed  in  given  periods  appear  to  be  wholly 
independent  of  the  length  of  the  loop,  or  the  square  content  of  the  absorbing 
surface  ;  this  rule  allows  of  exceptions  only  when  the  ligated  intes- 
tinal loop  containing  the  concentrated  sugar  solution  is  so  short  that 
it  cannot  contain  a  quantity  of  water  corresponding  to  the  endos- 
motic equivalent  of  the  sugar. 

The  absorption  of  the  sugar-solution  stands  in  DIRECT  ratio  to  its 
concentration  ;  i.  e.,  the  more  concentrated  the  solution,  the  greater  the 
quantity  of  sugar  absorbed  in  equal  time.  Hence,  in  the  first  periods, 
when  the  sugar  solution  is  the  most  concentrated,  the  greatest 
quantities  of  sugar  will  be  absorbed.  It  is  actually  thus  found,  that 
of  equal  quantities  of  injected  sugar-solution  of  the  same  concentra- 
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tion,  in  the  first  portions  of  time  the  most  sugar  disappears  from 
the  loops,  and  in  the  latter  always  less.  The  intestinal  loop  con- 
taining a  concentrated  sugar-solution,  is  seen  to  swell  up  by  the 
absorption  of  water  in  a  manner  corresponding  closely  with  the 
phenomena  of  endosmose;  a  quantity  of  sugar  corresponding  with 
this  increase  of  water  enters  into  the  blood,  until  the  whole  of  the 
sugar  has  vanished  from  the  loop.  It  is  evident  from  the  law  of 
endosmose  why  the  size  of  the  intestinal  loop  (when  this  is  not 
shortened  below  a  certain  limit)  seems  to  be  without  influence  upon 
the  absorption  of  sugar.  If  the  loop  is  large  enough  to  allow  of  the 
entrance  of  the  equivalent  quantity  of  water,  the  corresponding 
quantity  of  sugar  only  can  pass  out,  whatever  may  be  the  size  of 
the  loop.  As  the  quantity  of  the  water  entering  is  dependent  upon 
the  proportion  of  sugar  in  the  injected  solution,  when  the  solution 
is  of  the  same  concentration,  the  absorption  must  remain  perfectly 
equal,  even  in  loops  of  the  most  different  size.  The  above-mentioned 
facts,  according  to  which  the  sugar  is  but  slowly  absorbed  from  the 
intestine  in  which  it  is  generally  contained  in  very  dilute  solution, 
its  rapid  distribution  over  the  whole  of  the  small  intestines,  &c,  find 
their  physical  explanation  in  the  detailed  results  of  these  experi- 
ments. From  these  laws,  it  is  easy  to  comprehend  why  a  question 
of  the  highest  importance  for  the  physiology  of  quantitative  tissue- 
metamorphosis  cannot  readily  be  answered  with  precision.  If  we 
would  learn,  for  instance,  how  much  sugar  an  animal  is  capable  of 
absorbing  from  the  intestine  in  a  given  time,  the  result  of  the  ex- 
periments relating  thereto  will  always  depend  upon  the  concentration 
of  the  sugar-solution  in  the  intestine.  If  an  extremel}7  dilute  sugar- 
solution  is  placed  in  the  intestine,  the  absorption  will  occur  more 
slowly  than  under  normal  conditions ;  if  a  very  concentrated  one  is 
introduced,  a  very  great  amount  of  water  is  withdraAvn  from  the 
blood,  the  intestine  is  distended  with  watery  fluid,  so  that  the  abdo- 
men is  swelled  out,  and  great  difficulty  of  respiration  and  often 
death  ensue.  Cane  sugar  is  in  great  measure  changed  into  grape 
sugar  before  its  absorption ;  after  abundant  ingestion  of  cane-sugar, 
it  is  found  unaltered,  as  far  as  the  middle  of  the  jejunum.  As  neither 
the  saliva  nor  the  gastric  juice  is  capable  of  producing  this  trans- 
formation (in  scientific  experiments),  it  is  probably  occasioned  by  the 
pancreatic  fluid,  or  other  constituents  of  the  intestinal  contents  par- 
ticipating in  its  conversion. 

Lactin,  like  grape-sugar,  pervades  rapidly  the  whole  of  the  small 
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intestine ;  it  may  be  pursued  even  to  the  coecum  in  one  hour  after 
its  ingestion,  and  leaves  behind,  like  grape  and  cane-sugar,  an 
intensely  acid  reaction  in  the  jejunum  and  ileum,  which  disappears 
again  from  the  intestine  during  the  third  or  fourth  hour  after  the 
sugar  has  been  eaten.  Starch  is  not  absorbed  as  such,  as  it  is  insolu- 
ble ;  it  is  impregnated  in  the  mouth  with  more  or  less  saliva,  accord- 
ing to  the  intensity  of  the  movement  of  chewing,  its  dryness,  and 
other  conditions;  although  normal  saliva  acts  so  powerfully  in  the 
conversion  of  boiled  starch  into  sugar  (compare  p.  166),  its  influence 
upon  raw  starch  can  be  but  slight,  on  account  of  the  short  duration 
of  the  delay  of  each  morsel  in  the  mouth.  In  the  prolonged  delay  of 
the  articles  of  food  in  the  paunch  of  ruminating  animals,  by  means 
of  the  continued  action  of  constantly  freshly  increased  quantities  of 
saliva,  on  the  contrary,  a  great  part  of  the  starch  contained  in  the 
food  is  metamorphosed ;  the  same  probably  occurs  in  the  crop  of 
birds.  In  all  other  animals  the  greatest  part  of  the  starch  reaches 
the  stomach  unaltered,  where  the  further  action  of  the  saliva  upon 
the  amylum  is  in  some  degree  impaired  by  the  gastric  fluid.  After 
a  delay  of  various  duration  in  the  stomach,  this  substance  reaches 
the  duodenum,  where  it  is  brought  into  contact  with  the  powerfully 
operative  pancreatic  juice,  and  the  commencement  of  its  transforma- 
tion takes  place.  Towards  the  ileum  the  pancreatic  fluid  disappears, 
and  its  place  is  occupied  by  the  somewhat  less  powerful  intestinal 
fluid.— The  conversion  of  starch  into  sugar  takes  place  gradually;  the 
starch-granules  are  softened  from  the  surface  inwards,  and  resolved 
into  dextrin  and  sugar:  some  of  the  lamellae  of  the  granules  become 
torn,  and  may  be  recognized  often  as  shreds  under  the  microscope. 
The  further  the  starch  proceeds  from  the  jejunum  into  the  ileum, 
the  smaller  the  granules  appear,  in  consequence  of  this  solution  and 
removal  of  their  surfaces.  The  excessively  developed  coecum  of 
herbivora,  provided  (especially  in  the  appendix  vermiformis)  with 
peculiar  follicles,  gives  rise  to  the  hypothesis  that  another  ferment 
may  here  exercise  a  transforming  power  over  starch;  but  this 
is  not  yet  demonstrated  with  certainty.  Dextrin,  the  proximate 
product  of  the  transformation  of  starch,  is  found  only  in  small 
quantities  in  the  intestine,  and  is  probably  soon  changed  into  sugar. 
Inulin  appears  to  behave  precisely  as  starch  does  in  the  process  of 
digestion.  Gum  is  not  changed  at  all,  or  in  very  small  quantities, 
in  the  most  various  processes  of  fermentation,  and  as  little  by  the 
digestive  fluids  in  artificial  experiments.     It  must  hence  be  absorbed 
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unaltered.  The  diffusive  power  of  gum  is,  according  to  direct  ex- 
periments, half  as  great  as  that  of  sugar.  It  penetrates  animal 
membranes  with  much  more  difficulty  than  many  other  substances, 
and  especially  sugar.  It  is  hence  not  to  be  wondered  that  all  direct 
experiments  instituted  upon  animals  have  afforded  the  result,  that 
the  greater  part  of  the  gum  taken  in  by  the  mouth  passes  off,  un- 
altered, by  the  rectum,  and  a  very  small  portion  only  is  absorbed. 
Gluten  comports  itself  in  the  digestive  process  exactly  in  the  same 
manner  as  gum.  Cellulose  is  a  substance  insoluble  in  all  the  ordi- 
nary chemical  solvents,  and  in  all  known  digestive  fluids;  it  is 
hence  held  to  be  unfit  for  digestion ;  but  it  must  not  be  overlooked, 
that  certain  chemical  and  anatomical  facts  render  it  apparently  not 
impossible  that  cellulose  is  transformed  into  sugar  in  certain  animals, 
e.  g.,  in  the  beaver,  the  caterpillar,  &c.  Dilute  alkalies  corrode  the 
cellulose  corpuscles,  a  ferment  of  putrefying  potatoes  destroys  them. 
The  beaver,  whose  stomach  and  intestines  seem  to  be  filled  with 
fragments  of  wood,  possesses  greatly  developed  salivary  glands,  a  large 
gastric  gland,  and  an  enormous  pancreas  ;  caterpillars  have  largely 
developed  salivary  organs. 

The  method  of  reaching  the  blood  which  is  adopted  by  the 
fats,  may  be  in  great  measure  traced  by  the  microscope.  In  the 
mouth  and  the  stomach  they  undergo  no  perceptible  alteration ;  so 
also  in  artificial  experiments,  the  saliva  and  gastric  juice  are  seen 
to  be  without  influence  upon  these  bodies.  Fatty  tissue  is  dis- 
solved in  the  stomach,  leaving  large  fat-globules,  as  the  connective 
tissue,  and  the  cell-membranes  of  the  fat-cells  are  digested.  In 
the  duodenum  we  usually  find  the  fat  no  longer  in  large  drops  or 
semi-fluid  masses;  and  the  further  we  descend  in  the  alimentary 
canal,  the  more  finely  we  find  the  fat  divided.  That  the  fat  takes 
its  course  through  the  intestinal  villi  principally  to  the  lacteals  is 
shown  by  microscopical  examination.  In  the  cylinder  epithelium 
covering  the  villi,  we  recognize  the  absorbed  fat,  while  the  sponge- 
like parenchyma  of  the  villi  soon  becomes  filled  partly  with  clear, 
highly  refractive  vesicles,  and  partly  with  granular  matter  (finely 
divided  fat-globules).  The  lacteals  become  shining  and  milkwhite, 
and  the  chyle  is  very  much  clouded  with  minutely  divided  fat.  The 
lacteals  are,  however,  not  the  only  way  by  which  fat  reaches  the 
blood;  after  its  abundant  ingestion,  the  fat-granules  may  be  re- 
cognized by  the  microscope  in  the  blood-capillaries  of  the  villi, 
between  the  blood-corpuscles ;  the  blood  of  the  portal  vein  is  also 
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then  found  much  richer  in  fat  than  usual.  There  are  certainly  no 
specific  membranous  partitions  for  fat,  and  yet  it  remained  doubtful 
until  very  recently,  according  to  what  physical  laws  the  passage  of 
the  fat,  which  is  insoluble  in  water,  through  membranes  moistened 
by  this  fluid  is  effected.  We  have  already  seen  (p.  173)  that  it  is 
not  the  pancreatic  fluid,  but  the  bile  which  renders  it  possible  for 
the  fat  to  penetrate  through  these  moist  membranes.  According  to 
recent  investigations,  animal  membranes  become  capable,  by  means 
of  a  solution  of  soap  or  of  bile,  of  allowing  fat  to  penetrate  through 
them  without  the  application  of  external  pressure.  As,  then,  in 
animals  whose  bile  is  brought  to  the  surface  by  means  of  a  fistula, 
very  little  fat  is  absorbed,  there  can  scarcely  remain  any  doubt  that 
it  is  the  bile  which  causes  the  absorption  of  fat,  although  the  laws 
of  adhesion  concerned  are  not  yet  fully  ascertained. 

The  bodies  belonging  to  the  protein  groups  and  their  proximate 
derivatives,  e.  g.,  glutin  and  chondrin,  as  also  several  substances 
similar  to  these,  such  as  emulsin,  the  poison  of  vipers,  curarin,  and 
those  poisons  which  result  from  infectious  diseases,  such  as  hydro- 
phobia, acute  glanders,  typhus,  phthisis,  mortification  of  the  spleen, 
are,  even  when  dissolved  in  water,  but  slightly  susceptible  of  endos- 
■  mose ;  thus,  e.  g.,  the  capacity  of  diffusion  of  soluble  albumen  is  8| 
times  less  than  that  of  sugar,  and  19  times  less  than  that  of  chloride 
of  sodium ;  it  is  asserted  of  soluble  albumen,  as  also  of  several  others 
of  the  above-mentioned  substances,  e.  g.,  emulsin  and  curarin,  that 
they  are  incapable  of  endosmose.  Even  if  this  incapability  is  not 
absolute,  the  few  exact  experiments  which  are  at  hand,  prove  that 
these  physical  observations  accord  with  physiological  perceptions, 
according  to  which,  these  substances  must  undergo  certain  transfor- 
mations before  being  absorbed.  By  the  gastric  fluid,  both  soluble 
and  insoluble  protein-bodies  are  changed  into  materials  which, 
although  equivalent  to  the  parent  substances  in  elementary  compo- 
sition, are  distinguished  materially  from  them,  by  their  great  solu- 
bility in  water,  their  want  of  coagulability,  and  by  other  physical 
and  chemical  properties.  We  have  called  these  products  of  trans- 
formation of  the  protein-bodies  and  of  gelatin,  peptones.  Emulsin  is, 
likewise,  wholly  metamorphosed  in  the  primoe  viae ;  for  when  ab- 
sorbed into  the  blood,  it  no  longer  effects  the  decomposition  of 
amygdalin;  the  curarin,  as  well  as  the  other  poisons  just  mentioned, 
are  altered  by  the  digestive  fluids ;  as  otherwise  they  would  prove 
as  poisonous  in  the  intestine,  as  when  introduced  directly  into  the 
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blood.  We  know  only  of  the  protein-bodies  and  gelatin-yielding  sub- 
stances, that  it  is  especially  the  gastric  fluid  which  produces  the  trans- 
formations in  question;  how  far  it  acts  upon  the  other  substances 
named,  is  as  yet  wholly  unknown.  The  quantity  of  the  gastric 
fluid  secreted  is,  however,  usually  insufficient  to  dissolve  and  modify, 
in  the  manner  mentioned,  the  protein  material  necessary  for  the 
nutrition  of  the  body ;  hence,  we  find  a  quantity  of  undigested  albu- 
minous substances  passing  from  the  stomach  into  the  small  intes- 
tines, which  first  undergo  further  transformation  by  the  fluid  of 
the  intestines  (see  pp.  169  and  176).  In  the  large  intestine,  accord- 
ing to  the  observations  hitherto  made,  no  action  seems  to  take  place 
upon  the  protein-bodies  which  have  reached  it. — As  we  always  find 
in  the  chyle  albuminoid  coagulable  materials,  the  regeneration  of 
the  albumen,  from  the  corresponding  peptones,  seems  to  occur  in 
the  commencements  of  the  lacteals,  or,  perhaps,  in  the  mesenteric 
glands;  for  in  the  chyle  of  the  ductus  thoracicus,  they  (the  peptones) 
can  no  longer  be  detected  with  certainty. — As  the  fats  do  not  enter 
the  blood  solely  by  the  lacteals,  so  also  the  protein-bodies  probably 
do  not  choose  only  this  avenue  to  the  blood,  but  are,  in  part  at  least, 
taken  up  directly  by  the  capillaries  of  the  villi ;  for  even  although 
soluble  albumen  is,  according  to  the  above  physical  observations, 
only  slightly  capable  of  transudation,  animal  membranes,  and  espe- 
cially those  of  the  intestinal  capillaries,  are  by  no  means  imperme- 
able to  unaltered  albumen ;  for  if  water  be  injected  into  a  carefully 
ligated  intestinal  loop,  after  some  hours,  all  appearances  of  inflamma- 
tion being  avoided,  solution  of  albumen  is  found  in  the  contents  of 
the  loop.  We,  hence,  must  not  conceive  of  absolute  separating 
walls,  in  this  respect  also,  in  the  villi. 

It  is  of  importance,  in  the  further  consideration  of  the  quanti- 
tative relations  of  animal  tissue  metamorphosis,  as  well  as  for  a 
view  of  the  extent  of  the  process  of  digestion,  to  ascertain  in  what 
quantities  the  individual  digestive  fluids  are  usually  secreted.  The 
experiments  with  reference  to  this  have  been,  of  course,  instituted 
upon  animals,  especially  upon  dogs  and  cats.  If  we  ma}r  be  allowed, 
from  such  experiments,  to  infer  the  amount  of  the  agents  of  digestion 
secreted  in  man,  we  obtain  astonishingly  large  quantities.  Accord- 
ing to  this,  a  man  of  about  140  pounds  would  secrete,  in  twenty- 
four  hours,  24,695  grains  of  saliva,  containing  231.5  grains  of  solid 
matter,  24,695  grains  of  bile,  with  1234.7  grains  of  solid  substances, 
98,778  grains  of  gastric  fluid,  with  2963.3  grains  of  solid  sub- 
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stances,  3,087  grains  of  pancreatic  fluid,  with  308.7  grains  of  solid 
substances,  and  3,087  grains  of  intestinal  fluid,  with  about  46  grains 
of  solid  substances.  The  amount  of  fluid  which  enters  into  the  in- 
testines in  twenty-four  hours  is,  hence,  far  greater  than  the  quantity 
of  blood  which,  according  to  recent  observations,  is  contained  in  the 
body  of  an  adult.  This  mass  of  fluid,  which  contains  altogether  only 
4,781  grains  of  solid  constituents,  is,  hence,  especially  designed  to 
effect  the  lixiviation  (Auslaugung)  of  the  food  ingested. — The  re- 
searches which  have  been  instituted,  as  to  the  quantities  of  articles 
of  food  which  an  organism  is  able  to  take  up  from  the  intestine,  in 
a  given  time,  are  far  less  numerous,  and,  on  this  account,  far  less 
reliable.  According  to  them,  a  man  is  able,  in  one  hour,  to  absorb 
6,635  grains  of  sugar,  695  grains  of  fat,  and  1,540  grains  of  protein 
substance. 

The  term  digestibility  is  usually  understood  in  a  medico-vulgar 
sense,  as  by  easily  digested  food  is  understood  such  as  would  cause 
no  remarkable  difficulty  even  to  enfeebled  digestive  organs;  this 
idea  is  scientifically  embraced  more  closely  when  by  it  is  understood 
the  facility  with  which  the  digestive  fluids'  prepare  an  article  of  food 
for  absorption,  or  the  length  of  time  in  which  the  substance  in 
question  is  absorbed.  The  experiments  for  the  ascertainment  of 
this  circumstance  are  generally  unproductive,  partly  because  com- 
posite articles  of  food  were  used,  and  partly  because  the  digestion 
in  the  stomach  only  was  had  reference  to,  and  the  digestibility  of  a 
substance  was  judged  of  only  by  its  disappearance  from  the  stomach, 
while,  as  we  have  seen  (p.  253),  even  in  the  normal  state  tolerably 
large  quantities  of  albuminous  substances  leave  the  stomach  undi- 
gested. Strictly  scientific  investigations,  conforming  to  the  theory 
of  digestion,  as  above  laid  down,  we  do  not  yet  possess ;  we  must, 
therefore,  content  ourselves  with  observations  made  upon  dogs  with 
artificial  gastric  fistulas.  The  digestibility  of  even  the  simpler  articles 
of  food  is,  however,  so  relative  that  we  have  not  yet  been  able  to 
establish  general  rules ;  for,  e.  g.,  the  time  during  which  articles  of 
food  remain  in  the  stomach,  independently  of  the  individual  intensity 
of  digestion,  depends  very  greatly  upon  the  quantity  of  the  sub- 
stance introduced  at  once  into  the  stomach  (large  quantities  even  of 
easily  digestible  substances  remain  much  longer  in  the  stomach  than 
smaller),  upon  the  degree  of  comminution  or  fine  subdivision, 
upon  the  aggregate  form  (cellular  tissue  is  much  more  quickly  dis- 
solved than  tendinous  membranes,  boiled  protein-bodies  with  more 
17 
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difficulty  than  those  not  boiled,  boiled  vegetable  substances  more 
easily  than  not  boiled,  casein  coagulated  in  masses  with  more  diffi- 
culty than  that  coagulated  in  flocculi,  &c).  "We  therefore  pass  over 
all  closer  results,  as  they  differ  too  much  from  each  other  to  allow 
of  the  establishment  with  certainty  of  any  general  propositions. 

RESPIRATION. 

The  process  of  respiration  consists  mainly  in  an  exchange  of  cer- 
tain gaseous  substances,  which  takes  place  in  peculiar  organs,  lungs, 
gills,  or  tracheee,  between  the  blood  and  the  atmospheric  air ;  in 
considering  this  exchange,  the  knowledge  of  the  amount  of  the 
gases  to  be  exchanged  in  the  blood  and  in  the  air  must  first  be 
ascertained.  The  composition  of  the  atmosphere  is  well  known ; 
but  we  are  not  so  thoroughly  acquainted  with  the  amount  of  gases 
in  the  blood  at  all  times  (compare  p.  134).     We  are  thus  the  more 
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stimulated  to  investigate  the  changes  which  the  atmospheric  air 
undergoes  by  means  of  respiration  ;  these  changes  stand,  again,  in 
definite  relations  to  the  mechanical  conditions  of  respiration.     There 
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occurs,  to  wit,  upon  the  surfaces  in  which  the  blood  comes  into 
closest  contact  with  the  atmosphere  a  continuous  change  of  air,  occa- 
sioned by  certain  physical  agents  of  motion.  Part  of  this  move- 
ment is  effected  by  means  of  muscular  action  and  elastic  tissue, 
by  an  expansion  and  contraction  of  the  spaces  existing  in  the  lungs 
or  tracheae  ;  another  and  a  greater  part  takes  place  by  simple  diffu- 
sion. Modifications  of  these  external  conditions  are  followed  by 
modifications  in  the  consequences  of  the  respiratory  process.  One 
of  the  first  objects  of  investigation  in  this  process  must  be  to  ascer- 
tain their  influence  ;  the  composition  of  the  blood,  i.  e.,  its  content 
of  gases,  will  also  materially  affect  the  quantitative  relations  of  this 
exchange  of  gases.  As,  however,  we  cannot  ascertain  the  propor- 
tion of  gases  in  the  blood  at  every  moment,  we  must  go  back  for  a 
full  comprehension  of  the  respiratory  process  to  its  remoter  condi- 
tions, to  the  so-called  physiological  states  of  the  organism,  which 
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Distribution  of  capillaries  on  the  membranous  parietes  of  the  air-cells. 

operate  to  produce  modifications  of  the  mechanical  conditions  in  con- 
sequence simultaneously  of  the  nervous  influence  and  the  muscular 
action  occasioned  by  it.  Before,  however,  we  enter  upon  the  causal 
connection  of  the  modifications  of  the  exchange  of  gases  with  the 
individual  conditions,  we  must  point  out  briefly  the  methods  by 
which  it  has  been  sought  to  obtain  the  material  for  investigation. 
The  simplest  method  is  to  conduct  the  air  exhaled  from  the  mouth 
immediately  into  a  cavity  filled  with  a  liquid,  so  that  the  latter 
gives  place  readily  to  the  entering  gas ;  a  second  method  consists 
in  bringing  the  man  or  the  animal  into  a  closed  place,  to  which 
fresh  air  is  constantly  introduced,  while  that  which  escapes  is  col- 
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lected  for  analysis.  For  certain  researches,  animals  were  caused  to 
breathe  a  certain  time  in  a  perfectly-closed  space,  the  air  of  which 
was  then  examined ;  finally,  an  apparatus  has  been  applied,  in  which 
the  carbonic  acid  exhaled  by  breathing  animals  is  constantly  ab- 
sorbed, while  a  quantity  of  oxygen,  corresponding  to  that  which 
has  disappeared,  is  introduced  into  it.  The  most  general  results  to 
which  the  experiments  instituted  according  to  the  differently  modi- 
fied methods  have  led  are  the  following :  The  blood  gives  up  to  the 
inhaled  air  carbonic  acid  and  watery  vapor,  and  takes  oxygen  from  it; 
a  very  small  portion  of  nitrogen  also  usually  passes  from  the  blood 
into  the  air  respired ;  but  under  peculiar  circumstances  the  reverse 
takes  place.  The  relation  between  the  oxygen  inspired  and  the  car- 
bonic acid  exhaled  is  not  always  constant ;  very  considerable  varia- 
tions occur  within  certain  bounds.  Under  normal  conditions,  far  more 
oxygen  is  absorbed  than  is  contained  in  the  carbonic  acid  expired ; 
on  the  average,  for  one  volume  of  oxygen  absorbed  0.85  of  a  volume 
of  carbonic  acid  is  exhaled.  The  volume  of  the  air  expired  is  always 
greater  than  that  inspired,  partly  because  the  expired  air  is  heated 
to  97°  or  99°,  and  partly  because  it  is  usually  saturated  with 
watery  vapor.  The  relative  weight  of  the  nitrogen  and  carbonic 
acid  exhaled  is  usually  =  1  :  100.  In  the  air  exhaled,  there  have 
usually  been  found  small  quantities  of  hydrogen  and  carbohydrogen ; 
many  volatile  substances,  also,  as  phosphorus,  camphor,  alcohol, 
and  ethereal  oils,  after  their  reception  by  the  mouth,  pass  into  the 
air  of  expiration.  The  air  exhaled  by  a  healthy  man  at  rest  con- 
tains, on  the  average,  about  4.334  per  cent,  by  volume  of  carbonic 
acid.  In  twenty-four  hours,  there  are  exhaled  by  an  adult  power- 
ful man  13,381  grains,  or  (at  a  temperature  of  32°,  barom.  at  29.48 
inches)  443,409  cubic  centimetres  (a  centimetre  is  equal  to  0.39371 
of  an  English  inch)  of  carbonic  acid,  123  grains  of  nitrogen,  and 
5,016  grains  of  water  in  the  form  of  vapor;  in  the  same  time,  11,514 
grains,  or  520,601  cubic  centimetres  of  oxygen,  are  taken  up.  If 
we  deduct  from  the  latter  the  amount  of  oxygen  contained  in  the 
carbonic  acid  and  watery  vapor  exhaled,  there  remain  1,790  grains 
of  oxygen  in  the  blood. 

The  proportion  of  carbonic  acid  in  the  exhaled  air  depends  very 
much  upon  the  frequency  of  the  respiratory  movements.  When  the 
respirations  are  doubled  (without  diminution  of  the  normal  depth), 
the  relative  quantity  of  carbonic  acid  exhaled  is  about  0.907  per 
cent,  less  than  iii  normal,  quiet  respiration  ;  when  the  respirations 
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are  trebled,  1.125  per  cent. ;  when  quadrupled,  1.292  per  cent. ; 
when  multiplied  eight  times,  finally,  1.600  per  cent.  From  these 
and  similar  observations,  it  results  that  the  numbers  of  the  expira- 
tions are  functions  of  the  corresponding  numbers  expressing  the 
percentage  of  carbonic  acid ;  according  to  this,  each  expiration,  of 
whatever  length  if  be,  attains  an  expirative  value  of  2.5  per  cent., 
to  which  a  second  quantity  of  carbonic  acid,  exactly  proportionate 
to  the  duration  of  the  respiration,  is  added,  as  may  readily  be  per- 
ceived from  the  following  table : — 


Increment  of  the  per 

Respirations. 

Per  cent,  of  carbonic 
acid. 

Constant. 

cent,  of  carbonic  acid 

according  to  the  length 

of  the  respiration. 

6 

5.7 

2.5 

3.2 

12 

4.1 

2.5 

1.6 

24 

3.3 

2.5 

0.8 

48 

2.9 

2.5 

0.4 

96 

2.7 

2.5 

0.2 

From  this  may  be  deduced  one  of  the  following  formulae,  which 
may  be  of  service  in  calculating  the  relative  quantities  of  carbonic 
acid  occurring  in  respirations  of  different  frequency.  If  the  quantity 
of  carbonic  acid  existing  in  100  volumes  of  exhaled  air,  formed  by  an 

expiration  of  the  duration  of  —  .  2 —  seconds,  =  a,  then  the  value 

o 

of  the  carbonic  acid  for  the  period  of  —  .  2 — n  seconds  =  a  =  3.2  + 


6A, 

2"  : 


or,  let  a  represent  the  carbonic  acid  constant  in  every  respira- 


tion, T  the  duration  of  the  shortest  respiratory  movement,  then  the 
value  of  the  carbonic  acid  /.  for  the  period  T .  2n  of  each  respiratory 


movement  corresponds  to  a  -\- 


2"— 1 

"To"' 


As  T .  2"  represents  an  ex- 


piration of  any  duration  t  whatever,  2n=  — .  This  expression  gives, 
when  introduced  into  /.,  for  the  value  II.  of  carbonic  acid  for  an 
expiration  of  any  duration  t,  a  +  ycTt  ^^  ^e  ^jthm  °f  tne  re- 
spirations is  the  actual  regulator  of  the  excretion  of  carbonic  acid 
results  from  the  following  tabular  view  of  the  quantities  of  carbonic 
acid  exhaled  in  definite  periods,  calculated  according  to  the  above 
formulas : — 
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No.  of  expirations 
in  one  minute. 

Carbonic  acid  in 

Air  exhaled  in  one 

Carbonic  acid  exhal- 

Carbonic acid 

100  cubic  centime- 

minute, in  cubic 

ed  in  one  minute,  in 

exhaled  at  one 

tres  of  exhaled  air. 

centimetres. 

cubic  centimetres. 

expiration. 

6 

5.7 

3,000 

171 

28.5 

12 

4.1 

6,000 

216 

20.5 

24 

3.3 

12,000 

396 

16.5 

48 

2.9 

24,000 

696 

14.5 

96 

2.7 

48,000 

1296 

13.5 

A  similar  influence  upon  the  excretion  of  carbonic  acid  is  exerted 
by  the  amount  or  depth  of  the  respiration,  as  is  most  evident  from 
the  following  view:  If  the  air  of  normal  respirations  contains  4.60 
per  cent,  of  carbonic  acid,  that  of 

Twice  as  deep  will  contain        .        .    4.00  per  cent. 
Thrice       "        "         "  .  3.70        " 

Four  times         "        "  .  3.38        " 

Eight        "        "        "  .  2.78        " 

Half  as  deep       "  .  5.38 

The  proportion  of  carbonic  acid  of  the  air  increases  in  the  finer 
bronchia,  and  is  most  considerable  about  and  within  the  air-vesicles : 
it  is  hence  evident  on  the  one  hand,  that  the  latter  half  of  the  expira- 
tion is  always  somewhat  richer  than  the  first  half  (e.  <7.,  in  this  3.72 
per  cent.,  in  the  other  5.44  per  cent.),  and  on  the  other  hand,  that 
the  air  of  a  very  strong  expiration  is  more  abundant  in  carbonic 
acid  than  that  of  a  normal  one  (the  former  contains,  e.  g.,  5.18  per 
cent. ;  the  latter,  about  4.63  per  cent.).  Hence  it  is  calculated  that 
5.83  per  cent,  are  contained  in  the  air  of  the  air- vesicles,  that  is,  1.2 
per  cent,  more  than  in  a  normal  expiration.  After  holding  the 
breath  for  a  long  time,  there  is  found  in  the  exhaled  gaseous  mix- 
ture a  considerable  decrease  of  the  absolute,  and  an  important  in- 
crease of  the  relative,  quantity  of  carbonic  acid. — The  earlier  experi- 
ments, which  were  instituted  as  to  the  inhalation  of  pure  oxygen  or 
of  highly  oxygenated  atmospheres,  led  to  singular  but  not  to  cor- 
responding results  ;  more  recent  experiments  made  upon  animals, 
show  in  this  respect  no  difference  from  breathing  in  pure  atmo- 
spheric air. 

Pure  carbonic  acid  cannot  be  inhaled  on  account  of  spasmodic 
closure  of  the  glottis  ;  even  an  atmosphere  containing  only  40  per 
cent,  of  this  gas  is  not  respirable.  From  an  atmosphere  which  is 
rich  in  carbonic  acid,  but  still  respirable,  less  oxygen  is  absorbed ; 
at  the  same  time  less  carbonic  acid  and  somewhat  more  nitrogen 
are  exhaled  than  when  normal  air  is  breathed.     In  nitrogenised 
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air,  according  to  some  experiments,  nitrogen  appears  to  be  absorbed ; 
more  oxygen  also  is  absorbed,  and  less  carbonic  acid  exhaled. 
Breathing  in  nitrous  oxide  gas  causes  violent  excitement,  accele- 
rated circulation  and  respiration,  and  finally  asphyxia;  on  the 
whole,  more  carbonic  acid  is  produced  in  this  gas  than  in  atmo- 
spheric air.  In  an  artificial  atmosphere  which  contains  hydrogen 
instead  of  nitrogen,  with  as  much  oxygen  as  ordinary  air,  respira- 
tion takes  place  perfectly  normally,  except  that  a  little  more  oxygen 
appears  to  be  absorbed. 

Certain  influences  of  the  external  world  exert  a  decided  effect 
upon  the  respiratory  process ;  this  is  generally  not  a  direct  one, 
but  results  indirectly  from  the  great  alterations  of  the  frequency 
or  depth  of  the  respirations,  occasioned  by  a  series  of  causes.  As 
the  organism  enters  into  the  most  intimate  relations  with  the 
atmosphere  through  the  lungs,  atmospheric  influences  must  pro- 
duce visible  effects.  By  means  of  numerous  experiments  variously 
modified,  the  fact  has  been  placed  beyond  doubt  that  at  a  higher 
temperature  less,  and  in  a  lower  more,  carbonic  acid  is  exhaled, 
and  that  the  quantity  of  carbonic  acid  exhaled  (within  the  de- 
grees of  temperature  at  which  the  organism  maintains  its  welfare) 
stands  nearly  in  inverse  proportion  to  the  temperature  of  the  in- 
haled air.  This  phenomenon  becomes  explicable  by  the  decrease 
in  the  number  and  depth  of  the  respirations  with  the  increase  of 
temperature.  It  is  remarkable  that,  at  a  higher  temperature,  less 
watery  vapor  also  is  exhaled.  An  exception  to  this  rule  is  found 
only  in  animals  which  fall  into  a  torpid  state  at  a  lower  tempera- 
ture, e.  g.,  in  frogs ;  these  exhale  in  this  state  far  less  carbonic  acid 
than  at  temperatures  just  above  those  at  which  they  become  active. 
The  degree  of  humidity  of  the  air  appears  especially  to  influence  the 
depth  of  the  respirations,  and  indeed  their  frequency  also ;  on  this 
account  we  find  that  in  a  damp  atmosphere  more  carbonic  acid  is 
exhaled  than  in  a  less  damp  or  a  dry  one.  The  atmospheric  pressure 
is  of  less  influence  on  the  whole ;  as  it  ascends  it  increases  the 
pulse  and  the  respirations,  so  that  more  air  passes  in  a  given  time 
through  the  lungs  than  at  a  lower  pressure,  but  as  the  relative  pro- 
portion of  carbonic  acid  in  the  air  expired  is  diminished,  the  abso- 
lute quantity  of  carbonic  acid  exhaled  is  nearly  the  same  as  at  a 
lower  atmospheric  pressure.  But  sudden  variations  modify  the 
respiratory  function  materially,  as  then  with  more  frequent  respira- 
tions far  more  carbonic  acid  is  exhaled,  whether  a  higher  pressure 


264  ZOOCHEMICAL   PROCESSES. 

becomes  lower,  or  a  lower  higher.  Even  in  excessive  increase  or 
diminution  of  the  atmospheric  pressure,  when  they  take  place  grad- 
ually, the  quantity  of  carbonic  acid  exhaled  in  a  given  time  re- 
mains constant. — The  influence  of  the  period  of  the  day  upon  respi- 
ration was  formerly  held  to  be  very  important ;  but  the  variations 
actually  observed  in  the  respiratory  function  are  reduced  mostly  to 
the  time  of  reception  of  food,  to  sleep,  bodily  exercise,  &c.  In  regard 
to  the  influence  of  the  seasons  of  the  year  it  is  only  established  that 
during  the  winter,  on  the  average,  one-fifth  more  carbonic  acid  is 
excreted  than  in  the  summer. 

The  internal  stales  of  the  organism  are  of  the  most  important  in- 
fluence upon  respiration,  as  they  affect  one  of  the  most  important 
factors  of  the  process,  the  proportion  of  gases,  and  especially  of  car- 
bonic acid,  in  the  blood;  they  are,  besides,  not  without  influence 
upon  the  circulatory  and  respiratory  movements.  Among  these 
internal  states  the  influence  of  food  stands  first. 

In  entire  abstinence  from  food,  in  so-called  inanition-experiments, 
the  absorption  of  oxygen  diminishes  nearly  constantly  until  death, 
being  a  little  more  sudden  at  the  beginning  and  at  the  end.  In  the 
commencement  of  inanition,  about  eight}?"  per  cent,  of  the  oxygen 
absorbed  is  applied  to  the  formation  of  carbonic  acid  ;  towards  the 
end,  only  about  seventy-three  per  cent.  The  quantity  of  carbonic 
acid  excreted  decreases  in  the  first  third  of  the  period  of  inanition 
tolerably  evenly  and  rapidly ;  in  the  second  third  slowly ;  in  the 
last,  again,  more  rapidly. — In  experiments  in  which  drink  was  not 
withheld  from  the  animals,  together  with  solid  food,  for  100  parts 
of  carbonic  acid  seventy-five  parts  of  watery  vapor  were  exhaled ; 
in  fasting  animals,  especially  in  birds,  an  absorption  of  nitrogen  is 
also  observed. — Even  the  passing  over  of  a  single  meal  alters  mate- 
rially the  conditions  of  the  exchange  of  the  gases,  as  the  absorption 
of  oxygen  and  excretion  of  carbonic  acid  are  thereby  considerably 
lessened ;  on  the  other  hand,  during  digestion,  and  indeed  for  one  or 
two  hours  after  the  ingestion  of  food,  an  important  increase  in  the 
oxygen  absorbed,  as  also  in  the  carbonic  acid  excreted,  may  be 
observed.  The  chemical  nature  of  the  food  is  of  material  influence 
upon  the  products  of  respiration.  After  the  use  of  amylacea,  far 
more  oxygen  is  applied  to  the  formation  of  carbonic  acid  than  after 
feeding  upon  flesh;  while  after  the  latter,  of  100  parts  of  oxygen  taken 
up  only  74  parts  are  found  again  in  the  carbonic  acid ;  after  vege- 
table diet,  of  100  parts  of  oxygen  absorbed  more  than  91  parts 
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are  usually  applied  to  the  formatiou  of  carbonic  acid.  Nitrogen  is 
exhaled  after  vegetable  food,  but  in  far  less  quantities  than  after 
animal;  it  is  then  a  question  whether  this  difference  which  we  find  in 
the  relations  of  the  oxygen  absorbed  to  that  contained  in  the  carbonic  acid 
exhaled  after  different  kinds  of  food  can  be  referred  to  definite  chemical 
relations.  If  we  reflect,  in  the  first  place,  that  the  non-nitrogenised 
substances  are  perfectly  burned  in  the  organism  to  carbonic  acid 
and  water,  it  is  evident  from  their  composition  that  they  will  need 
very  different  quantities  of  oxygen  for  this  perfect  combustion,  ac- 
cording to  the  quantities  which  they  already  contain.  The  carbo- 
hydrates, e.  g.,  will  only  take  up  as  much  oxygen  as  is  necessary 
for  the  oxidation  of  their  content  of  carbon  ;  the  fats,  on  the  other 
hand,  will  need  also  oxygen  for  the  oxidation  of  a  great  part  of  their 
hydrogen.  On  the  contrary,  so  much  oxygen  is  contained  in  the 
organic  acids  as  to  be  sufficient  for  the  oxidation  of  part  of  their 
carbon ;  and  they  hence  will  take  but  little  free  oxygen  for  their 
combustion.  In  the  nitrogenised  articles  of  food,  we  must  assume 
that  part  of  their  carbon,  hydrogen,  and  oxygen,  with  the  accom- 
panying quantity  of  nitrogen,  is  separated  under  the  form  of  urea  ; 
and  we  can  hence  only  regard  these  substances  as  contributing  to 
respiration  after  the  subtraction  of  the  elements  of  urea.  If  we 
assume  oxygen  as  unity,  and  calculate  how  much  of  each  individual 
article  of  food  is  necessary  in  order  to  form  carbonic  acid  and  water, 
with  the  unit  of  oxygen,  we  obtain  in  a  measure  respiratory  equiva- 
lents, which  stand  in  inverse  ratio  to  the  value  which  each  individual 
substance  may  have  for  the  oxidizing  process  in  the  animal  body, 
or  the  development  of  animal  heat.  We  find  principally  in  this 
consideration  the  answer  to  the  above-named  question ;  for  if  we 
conceive  that  the  exchange  of  gases  in  the  lungs  for  a  time  is  only 
the  result  of  the  combustion  of  an  individual  article  of  food,  of  100 
parts  of  oxygen  applied  to  the  perfect  oxidation  of  a  body,  very 
different  quantities  go  to  the  oxidation  of  the  carbon.  Hence,  very 
different  quantities  of  oxygen  will  be  found  in  the  carbonic  acid 
formed,  i.  e.,  here  excreted.  The  following  table  will  give  the  best 
conclusions  as  to  the  relations  here  spoken  of: — 
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Substances. 


100  parts  fat         contain 

"  starch  " 

"  sugar  " 

"  malic  acid  " 

"  albumen  " 

"  collagen  " 

"  flesh  " 


Hydro- 

Oxy- 

gen. 

gen. 

78.13 

11.74 

10.13 

44.45 

6.17 

49.38 

40.00 

6.66 

53.34 

41.38 

3.45 

55.17 

47.48 

4.98 

13.14 

42.52 

4.47 

13.59 

46.10 

4.72 

13.66 

Still  necessary, 
together  with  the 
previous  oxygen, 
for  the  formation 

of  COa  and  HO. 

Respiratory 

equivalent: 

100  parts  of 

oxygen 

oxidized. 

292.14 

34.23 

118.52 

84.37 

106.67 

93.75 

82.78 

120.80 

153.31 

65.23 

135.56 

73.77 

147.04 

68.01 

Of  100  parts 
of  oxygen  ab- 

orbed, there 
are  contained 

in  the  COa. 

71.32 

100.00 

100.00 

110.53 

82.60 

83.64 

83.60 


It  need  scarcely  be  remarked  that  even  on  an  exclusive  diet  of 
starch,  or  sugar,  or  fat,  the  relation  between  the  oxygen  absorbed 
and  that  exhaled  in  the  carbonic  acid  will  never  present  itself  as  in  the 
figures  of  the  last  column ;  for  it  must  be  borne  in  mind,  that  besides 
the  oxidation  of  the  non-nitrogenised  articles  of  food,  a  portion  of 
the  nitrogenised  tissue-elements  becomes  useless  at  the  same  time, 
and  likewise  undergoes  oxidation,  and  thus  this  proportion  is  natu- 
rally altered.  These  figures,  however,  are  very  useful  in  the  deter- 
mination of  the  quantitative  relations  of  the  metamorphosis  of  animal 
tissue.  We  here  adduce  only  two  instances,  by  way  of  example, 
which  find  their  solution  in  a  simple  equation  based  upon  these 
figures.  We  might  first  ask  the  question,  what  relation  will  the 
oxygen  absorbed  bear  to  that  contained  in  the  carbonic  acid  exhaled 
when  an  animal  receives  for  a  certain  time  a  given  quantity  of  starch 
as  food  ?  If  the  typical  amount  of  the  daily  loss  of  nitrogenised 
tissue,  which  must  naturally  occur  =  c,  the  numerical  proportion 
of  the  relative  amount  of  oxygen  for  the  consumption  of  these  parts 
(as  results  from  the  experiments  on  inanition,  as  also  experiments 
with  animal  diet)  =  83.6  ;  the  quantity  of  starch  absorbed  and  oxi- 
dized =  a,  the  numerical  proportion  of  the  carbonic  acid  excretion 


is  obtained  from  the  equation, 


c.  83.6  +  a.  100 
c  +  a 


=  x. 


Or  if  we  wish 


to  ascertain  how  much  fat  in  experiments  on  inanition  undergoes 
oxidation,  together  with  nitrogenised  material,  we  may  calculate  the 
typical  waste  of  the  albuminates  from  the  quantity  of  urea  formed. 
Let  this  =  c ;  the  numerical  proportion  for  the  use  of  pure  fat  = 
71.32 ;  the  proportion  of  oxygen  absorbed  and  exhaled  in  carbonic 
acid  in  the  state  of  inanition,  e.g.  =  75  ;  we  thus  obtain  the  simplified 

formula,  ^     *  — —  '     ''    =  x,  i.  e.,  the  quantity  of  fat  which  has, 

together  with  albuminates,  c,  undergone  combustion. 
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After  what  has  been  said,  it  need  hardly  be  remarked  that  the 
quantity  of  food  partaken  of  has  considerable  influence  upon  the 
amount  of  the  exchange  of  gases  taking  place  in  the  lungs;  there 
is,  however,  of  course  a  certain  limit  beyond  which  the  absorption 
of  oxygen  and  excretion  of  carbonic  acid  does  not  pass ;  but  we 
also  see  that  the  absorption  of  the  different  articles  of  food  cannot 
exceed  a  certain  measure.  Under  "  Nutrition"  we  shall  recur  to  the 
so-called  superfluous  consumption  (Luxusconsumtion).  After  the 
moderate  use  of  spirituous  liquors,  the  carbonic  acid  excretion  is 
absolutely  and  relatively  diminished ;  the  same  takes  place  after 
the  ingestion  of  thein,  ethereal  oils,  &c. — Sleep  occasions  a  very  con- 
siderable diminution  of  the  excretion  of  carbonic  acid ;  in  man  it 
was  found  that  the  proportion  of  carbonic  acid  excreted  during 
waking  to  that  during  sleep  =  40.74  :  31.39. 

The  relations  of  respiration  during  the  hibernation  of  animals  are 
very  remarkable ;  the  marmot  has  been  observed  very  carefully  in 
this  respect.  While  1,000  grains  in  these  animals  when  awake 
absorb  1.2  grains  of  oxygen,  during  the  winter-sleep  they  take 
up  only  0.045  of  a  grain;  while  also  of  the  oxygen  absorbed 
by  waking  animals,  73  per  cent,  appears  again  in  the  carbonic  acid 
excreted,  in  the  hibernating  state  only  56.7  per  cent,  passes  into 
carbonic  acid. 

Immediately  upon  leaking  from  the  night's  sleep,  a  very  consider- 
able excretion  of  carbonic  acid  is  observed  in  man.  By  means  of 
bodily  exercise,  the  absorption  of  oxygen  and  excretion  of  carbonic 
acid  are  relatively  and  absolutely  augmented.  "With  regard  to  the 
influence  of  the  period  of  life  upon  respiration,  experiments  have 
shown  that  the  quantity  of  carbonic  acid  daily  excreted  increases  on 
an  average  up  to  the  40th  or  the  46th  year  of  age,  principally,  how- 
ever, with  the  development  of  the  muscular  system.  If,  however, 
the  carbonic  acid  excreted  by  children  or  young  animals  is  calcu- 
lated for  an  equal  bodily  weight,  it  results  that  children  produce 
nearly  twice  as  much  carbonic  acid  as  adults.  Men  excrete  more 
carbonic  acid  than  women ;  sex  shows  the  same  influence  in  ani- 
mals. The  following  table,  calculated  from  direct  experiments,  may 
afford  a  general  view  of  the  relations  just  alluded  to,  the  results  of 
which  agree  closely  with  most  other  experiments  made  in  this  di- 
rection : — 
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Carbonic  acid 

Carbonic  acid  excret- 

Subject. 

Age. 

Weight. 

excreted  in 

ed  in  one  hour  for 

one  hour. 

1000  grains  weight. 

Pounds. 

Grains. 

Of  a  grain. 

Man      .... 

35 

145. 

517.50 

0.5119 

Youth  .... 

16 

127. 

529.08 

0  5887 

Soldier 

28 

181. 

565.24 

0.4466 

Maiden 

17 

123. 

391.13 

0.4546 

Boy       ...         . 

9| 

48.5 

313.89 

0.9245 

Girl       .... 

10 

51. 

295.75 

0.8831 

With  reference  to  the  relative  respiration  of  different  classes  of 
animals,  the  following  may  be  considered  as  established  :  In  mam- 
malia, the  ratio  between  the  oxygen  absorbed  and  the  carbonic 
acid  excreted,  depends  materially  upon  the  food  ;  we  find  here  the 
proportions  above  established,  confirmed.  On  the  average,  the  car- 
nivora  also  appear  to  absorb  rather  more  oxygen,  and  to  produce 
more  carbonic  acid  than  the  herbivora ;  more  nitrogen  is  also  ex- 
haled by  the  former  than  by  the  latter. — In  birds,  the  amount  of 
respiratory  products  depends  principally  upon  their  degree  of 
activity ;  as  smaller  birds  are  generally  more  active  than  larger,  the 
former  exhale,  for  equal  bodily  weights,  a  far  greater  amount  of 
carbonic  acid,  and  absorb  more  oxygen  correspondingly.  The 
eggs  of  birds,  also,  exhale  carbonic  acid  during  incubation,  and 
absorb  more  oxygen  than  is  contained  in  the  carbonic  acid 
exhaled ;  the  further  the  development  of  the  foetus  advances,  the 
more  considerable  are  the  absolute  quantities  of  gases  exchanged. — 
It  is  also  seen  in  the  amphibia  that  the  more  agile  animals  per- 
form a  more  active  exchange  of  gases  in  the  lungs  than  the  more 
sluggish.  Upon  the  whole,  however,  this  is  much  less  than  in 
mammalia  and  birds. — Insects,  which  breathe  through  trachese,  ex- 
hibit, in  the  quantitative  relations  of  the  exchange  of  gases,  no 
marked  difference  from  those  of  animals  breathing  by  lungs.  The 
same  holds  good  of  animals  breathing  by  gills,  the  fishes  ;  in  these, 
also,  the  amount  of  the  excretion  of  carbonic  acid  depends  greatly 
upon  the  activity  of  the  animals.  Those  animals,  also,  which 
breathe  only  by  means  of  the  skin,  e.  g.,  the  earth-worms,  have  pre- 
sented no  material  differences  in  the  relations  of  respiration.  In 
order  to  facilitate  a  general  view  of  the  relations  indicated,  we  intro- 
duce the  following  table : — 
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Of  100  parts 
of  0  absorbed, 

there  pass 
into  the  CO, 

excreted — 

OF  1000  GRAINS  WEIGHT  OF  ANIMAL  IN  1  HOUR. 

Species  of  animal. 

Food. 

Oxygen 
consumed. 

Carbonic  acid 
exhaled. 

Nitrogen 
exhaled. 

Dog             .... 

Flesh 

Per  cent. 
74.5 

Grains. 

1.183 

Grains. 

1.211 

Of  a  grain. 
0.0078 

Rabbit      .... 

Carrots 

91.9 

0.883 

1.116 

0.0036 

Fowl          .         .         . 

Oats 

80.7 

1.053 

1.320 

0.0079 

Small  birds 

Oats 

75.3 

11.473 

11.879 

0.1296 

Frog          .... 

7G.0 

0.084 

0.088 

0.0005 

Salamander 

82.4 

0.085 

0.096 

Lizard        .... 

75.2 

0.192 

0.198 

0.0025 

Cockchafer 

80.8 

1.0195 

1.1372 

Caterpillar  of  the  silk-worm 
Tench       .... 

78.2 
72.3 

0.899 
0.0143 

0.960 
0.0138 

Gold-fish 

72.3 

0.0409 

0.0419 

Earth-worm 

77.5 

0.1013 

0.0982 

In  all  these  experiments,  the  products  of  perspiration  are  reck- 
oned with  those  of  respiration  by  the  lungs,  as  they  were  deter- 
mined by  the  one  or  the  other  method  in  which  both  were  collected 
together.  According  to  recent  investigations,  however,  the  per- 
spiratory products  are  extremely  small,  as  compared  with  the 
respiratory.  Thus,  e.  g.,  the  ratio  of  the  carbonic  acid  exhaled  by 
the  skin,  to  that  exhaled  by  the  lungs,  in  mammalia  and  birds,  is 
found  to  be  as  from  4  to  17 :  1,000.  In  some  animals,  e.  g.,  in  the 
amphibia,  the  ratio  is  found  to  be  very  different ;  for  frogs,  whose 
lungs  have  been  extirpated,  not  only  live  a  long  while,  but  also 
yield  almost  the  same  quantities  of  perspiratory  products  as  those 
with  uninjured  lungs. 

But  little  has  been  ascertained  as  to  the  relations  of  the  interchange 
of  gases  in  diseases.  The  experiments  as  to  this  circumstance  hitherto 
instituted  have  led  to  no  further  results  than  that  in  every  patholo- 
gical affection,  whether  it  be  called  acute  or  chronic,  the  excretion 
of  carbonic  acid  is  diminished,  or  at  most  approaches  the  normal 
amount,  but  never  exceeds  it.  An  excessive  oxidation  or  a  too  large 
excretion  of  carbonic  acid  has  not  been  observed  as  yet  in  any  disease. 

The  theories  as  to  the  process  of  respiration  have  changed  much 
since  the  discovery  of  oxygen.  Besides  the  facts  above  laid  down, 
we  must  take  into  consideration  the  following  physical  conditions, 
in  order  to  obtain  a  general  view  of  the  respiratory  process. 

The  purely  mechanical  conditions  of  respiration  are  known  from 
general  physiology  ;  we  know  that  the  cavities  formed  by  the  air- 
passages  from  the  trachea  to  the  air-vesicles  are  lessened  and  ex- 
panded in  breathing,  and  that  by  this  act  only  a  small  portion  of  the 
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air  contained  in  these  cavities  is  expelled,  and  replaced  by  fresh 
air.  The  fresh  air  forced  into  this  cavity  is  not  agitated  with  that 
which  has  remained  behind ;  but  it  can  enter  into  an  exchange  of 
constituents  with  that  contained  in  the  remoter  parts  of  the  air-pas- 
sages, in  the  system  of  tubes  constantly  becoming  finer  and  more 
numerous,  only  according  to  the  law  of  diffusion  of  gases  ;  hence  we 
found  by  direct  experiment  that  the  lower  parts  of  the  air-passages 
contained  more,  and  the  air-vesicles  most,  carbonic  acid.  The 
numbers  found  correspond  exactly  with  the  law  of  diffusion. — It  is 
more  difficult  to  explain  the  interchange  of  gases  which  occurs  be- 
tween the  air  of  the  air- vesicles  and  that  contained  in  the  blood, 
through  the  animal  membranes.  We  have  already  seen  that  we 
cannot  subject  the  air  of  the  blood  to  such  exact  and  repeated  in- 
vestigations as  the  air  of  expiration ;  thus  the  knowledge  of  the 
actual  composition  of  the  air  contained  in  the  blood  is  wanting — 
the  second  most  important  factor  for  the  establishment  of  a  firm 
basis  of  a  theory  of  the  respiratory  process.  It  is,  therefore,  neces- 
sary that  we  should  first  go  back  to  the  sources  of  the  gases  in  the 
blood,  and  especially  of  the  carbonic  acid,  before  we  can  obtain  an 
intuitive  idea  of  the  process  which  takes  place  in  the  lungs.  The 
carbonic  acid  is  formed  in  great  measure  during  the  activity  of  the 
organs  and  by  the  chemical  processes  which  occur  in  them ;  this 
results  not  only  from  the  fact  that  we  find  demonstrable  quantities 
of  carbonic  acid  in  all  the  tissue-fluids,  in  all  the  organs,  and  that 
on  the  other  hand  during  greater  activity  of  the  organs,  larger 
quantities  of  carbonic  acid  are  formed  and  excreted,  but  also,  prin- 
cipally, from  direct  experiments  with  the  isolated  organs  in  which 
the  most  considerable  activity  is  usually  developed,  namely,  the 
muscles.  It  is  established  by  the  most  unequivocal  experiments, 
that  well-prepared  muscles  (of  frogs)  absorb  oxygen,  and  exhale 
carbonic  acid  as  long  as  their  irritability  or  contractility  lasts ;  that 
the  latter  is  lost  in  irrespirable  gases,  and  that,  finally,  a  perfectly 
bloodless  muscle  maintains  this  interchange  of  gases  as  long  as  it 
is  capable  of  contracting.  The  exchange  of  gases  and  formation  of 
carbonic  acid  takes  place  immediately  from  the  organ,  from  which 
otherwise,  the  carbonic  acid  reaches  the  atmosphere  by  many  round- 
about ways  (and  indeed  necessarily  through  the  blood  and  lungs). 
That  the  carbonic  acid  is  formed  in  the  parenchyma  of  the  organs 
is,  moreover,  taught  by  comparative  physiology  ;  for  we  see,  e.  g., 
that  in  insects  the  atmospheric  air  is  conducted  by  the  trachea 
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even  into  the  innermost  parts  of  the  organs,  and  that  there  this  in- 
terchange of  gases  between  oxygen  and  carbonic  acid  is  performed 
immediately.     In  the  higher  animals  we  must  then,  before  consider- 
ing the  exchange  of  gases  in  the  lungs,  distinguish  a  second  ex- 
change of  gases,  between  the  oxygen  contained  in  the  blood  of  the  capilla- 
ries and  the  carbonic  acid  of  the  parenchymatous  fluids.     No  doubt  can 
be  entertained  that  the  capillaries  give  out  oxygen  and  take  up  car- 
bonic acid ;  this  is  taught  by  the  difference  between  arterial  and 
venous  blood,  with  respect  to  their  content  of  gases  (compare  p.  134). 
From  these  facts  it  is  by  no  means  to  be  concluded  that  all  the 
carbonic  acid  is  formed  in  the  parenchymata  of  the  organs,  and  all 
the  oxygen  taken  up  in  the  lungs  is  conveyed  to  the  organs  in 
mechanical  combination.     More  than  one  fact  indicates  that  a  part 
of  the  oxygen  absorbed  enters  into  chemical  combinations  in  arterial  blood. 
We  need  only  refer  to  the  fact  that  the  oxygen  is  taken  up  in  far 
larger  quantities  by  the  blood  than  it  is  able  to  take  up  in  accord- 
ance with  mechanical  laws ;  that,  further,  the  absorption  of  oxygen 
on  the  part  of  the  blood  is  not  dependent  upon  the  external  pres- 
sure, which  it  necessarily  would  be  if  it  were  simply  mechanical 
(see  p.  134) ;  it  also  should  not  be  forgotten,  that  the  blood  under- 
goes, in  its  passage  through  the  lung-capillaries,  i.  e.,  in  its  surren- 
der of  carbonic  acid,  and  reception  of  oxygen,  such  chemical  alter- 
ations as  can  be  deduced  only  from  the  chemical  action  of  the 
oxygen  (compare  p.  146)  ;  and,  finally,  the  phenomenon  should  be 
remembered  that  the  content  of  the  blood-corpuscles,  the  substance 
which  yields  haBmato-crystallin,  is  more  accessible  to  the  chemical  ac- 
tion of  oxygen  than  several  other  protein-bodies  (compare  p.  132). 
Hence  if  the  oxygen  in  arterial  blood  be  ever  so  loosely  combined,  it 
is  nevertheless  as  much  chemically  combined  at  the  second  atom  of 
carbonic  acid  in  bicarbonate  of  potassa.     It  does  not  follow,  how- 
ever, from  the  at  least  partial  chemical  combination  of  the  oxygen 
in  arterial  blood,  that  in  it  also  carbonic  acid  and  water  are  formed. 
The  blood-corpuscles,  the  principal  carriers  of  oxygen,  undergo  in 
the  capillaries  of  the  greater  circulation  such  material  modifications, 
that  we  should  transfer  here  the  formation  of  carbonic  acid,  if  the 
above-mentioned  facts  did  not  demonstrate  that  at  least  a  very  great 
part  of  the  carbonic  acid  has  its  origin  in  the  functions  of  the  organs, 
and  the  chemical  processes  there  occurring ;  in  the  mean  while,  a  part, 
although  a  very  small  one,  of  the  carbonic  acid  is  certainly  formed  in 
the  arterial  blood.     We  find  in  the  latter  always  so  much  carbonic 
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acid  that  it  is  not  easily  credible  that  it  depends  upon  the  venous 
blood,  and  has  not  been  excreted  in  the  lungs  (as  is  well  known, 
absolutely  more  carbonic  acid  has  been  found  than  in  venous — com- 
pare p.  134);  but  especially  is  a  partial  formation  of  carbonic  acid 
in  the  blood  proved  by  the  fact  that  organic  salts  of  the  alkalies  and 
sugar  disappear  so  quickly  in  the  blood,  being  changed  into  carbonic 
acid  and  water,  that  it  cannot  be  conceived  that  these  substances 
penetrate  first  into  the  parenchymata  of  the  organs,  in  order  there 
to  undergo  combustion. 

After  we  have  convinced  ourselves  that  this  exchange  of  oxygen 
and  carbonic  acid,  which  we  improperly  call  respiration,  is  not 
confined  to  any  single  spot  of  the  organism,  that  on  the  one  hand 
an  exchange  of  air  is  effected  in  the  air-passages  in  a  twofold 
manner,  by  mechanical  transport  and  by  diffusion,  and  that  on  the 
other  an  active  exchange  of  gases  takes  place  in  the  parenchymata 
of  all  the  organs,  and  in  the  blood-capillaries,  there  still  remains 
to  be  answered  the  question,  according  to  what  lavjs  the  exchange 
between  the  elastic  gases  of  the  air  adduced  and  the  condensed  gases 
of  the  blood  of  the  hing -capillaries  is  executed  upon  the  moist  mucous 
membrane  of  the  air-vesicles  f  There  are  two  physical  laws  which,  in 
our  present  state  of  knowledge,  may  assist  in  answering  this  question ; 
viz :  one,  according  to  which  the  quantity  or  volume  of  an  absorbed  gas 
is  dependent  mainly  upon  the  pressure  under  which  the  gas  over  the  fluid, 
stands  after  the  absorption  is  completed,  and  the  other,  according  to 
which  in  mixed  gases  the  pressure  of  each  individual  gas,  which,  as  is 
known,  is  entirely  independent  of  that  of  the  gases  mingled  with  it, 
in  great  measure  determines  the  proportion  in  which  it  is  absorbed  by  a 
fluid.  Hence,  if  more  carbonic  acid  is  contained  in  the  blood  than  the 
pressure  under  which  the  carbonic  acid  atmosphere  in  the  air- vesicles 
stands  is  able  to  hold  condensed  in  the  blood,  a  corresponding  quantity 
of  carbonic  acid  will  escape  from  the  blood,  but  only  so  much  that  the 
quantity  in  the  blood  is  reduced  to  the  figure  which  blood  free  from 
carbonic  acid  would  absorb  under  a  tension  corresponding  to  the 
carbonic  acid  pressure  of  the  air-vesicles.  The  quantity  of  carbonic 
acid  passing  into  the  lungs  would,  according  to  this,  depend  as  well 
upon  the  quantity  of  it  condensed  in  the  blood  as  upon  the  tension 
of  the  gaseous  carbonic  acid  already  contained  in  the  air  of  the  air- 
vesicles.  To  the  oxygen,  according  to  these  laws,  under  the  condi- 
tions given  in  the  animal  body,  precisely  the  opposite  direction  of 
movement  is  occasioned.     The  blood  found  in  the  lungs  is   not 
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saturated  with  oxygen;  it  is  in  a  condition  under  the  pressure 
which  it  sustains  in   the  lungs,  to  take  up  a  larger  quantity  of 
oxygen.     The  tension  of  the  oxygen  contained  in  the  air- vesicles  is 
so  considerable  that  thereby  a  part  of  oxygen  is  driven  into  the 
blood,  i.  e.,  is  condensed  by  it.     Both  gases  are  then  perfectly  inde- 
pendent of  each  other;  their  exchange  takes  place  not  by  an  opposite 
displacement,  but  is  for  each  one  occasioned  by  the  content  in  the 
bbod  of  a  condensed  gas,  and  by  the  tension  of  the  corresponding  elastic 
fluid  gas  contained  in  the  air  of  the  air-vesicles.     But  although  the  law 
of  absorption  must  remain,  in  the  manner  described,  the  basis  of 
every  theory  of  respiration,  it  must  not  be  forgotten  that  the  oxygen 
is  not  only  mechanically  absorbed  by  the  blood,  but  is  also  chemi- 
cally combined,  a  circumstance,  however,  of  little  importance  in  the 
first  entrance  of  the  oxygen  into  the  blood.     More  regard  is  proba- 
bly to  be  had  to  the  circumstance  that  the  gases  must  penetrate 
through  moist  membranes,  as  a  further  factor  of  this  gas-movement ; 
but  it  is  yet  entirely  unknown  what  influence  their  permeability 
exercises  upon  the  exchange  of  gases.     Of  the  effects  of  respiration 
upon  tissue-metamorphosis  in  general  in  the  animal  organism,  we 
shall  treat  in  the  following  chapter.     The  theory  of  animal  tempe- 
rature is  usually  associated  with  that  of  respiration,  as  this  is  held 
to  be  a  principal  effect  of  respiration ;    the  animal  temperature, 
however,  is  not  the  immediate  consequence  of  respiration,  and  is 
not  developed  properly  in  the  lungs,  but  is,  at  least  in  greater  part, 
the  result  of  the  oxidizing  processes  which  take  place  in  the  various 
parts  of  the  organism.     Direct  investigations  for  the  purpose  of 
comparing  the  amount  of  animal  temperature  with  the  amount  of 
food  taken,  or  rather  with  their  calorific  value,  have  indeed  shown 
that  at  least  one-twentieth  of  the  amount  of  heat  developed  by  one 
organism  cannot  be  referred  to  the  oxidation  or  combustion  of  the 
food  taken  in  {i.  e.,  that  the  oxidation  of  the  food  can  only  develop 
nineteen-twentieths  of  the  animal  temperature) ;  but  it  is  by  no  means 
hence  to  be  concluded  that  a  peculiar  organic  force  develops  this 
twentieth  of  animal  temperature,  for  it  must  be  borne  in  mind,  on  the 
one  hand,  that  the  fundamental  experiments  which  we  now  possess, 
according  to  which  we  usually  calculate  the  amounts  of  heat  from 
certain  quantities  of  oxidized  substances,  are  by  no  means  so  com- 
plete that  they  may  serve  as  indisputable  bases  for  calculation,  and 
on  the  other  it  would  be  very  singular  if,  when  so  many  other 
chemical  processes  take  their  course  in  the  animal  organism,  these 
18 
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were  not  to  contribute  to  the  development  of  the  animal  temperature. 
It  is,  therefore,  by  no  means  necessary,  in  order  to  explain  the  origin 
of  this  twentieth  of  the  animal  temperature,  to  take  refuge  in  the 
still  enigmatical  nervous  agency.  "When  we  above  (compare  pp. 
246  and  250)  took  account  of  the  fats  and  carbohydrates,  as  not 
merely  means  for  the  production  of  heat,  but  also  ascribed  to  them 
other  functions  in  the  animal  body,  we  proceeded  on  the  view  of 
regarding  animal  heat  not  as  the  proper  end,  the  ultimate  object  of  the 
movements  of  non-nitrogenised  substances ;  animal  heat  stands  no 
higher  than  any  other  phenomenon,  any  other  consequence  which  is 
recognized  by  us  in  the  animal  organism.  It  presents  itself  at  once 
as  effect  and  cause,  as  in  combustion,  from  processes  which  it  again 
in  turn  promotes ;  it  is  nothing  more  than  the  unavoidable  conse- 
quence of  the  chemical  processes  in  the  animal  organism. 

NUTRITION. 

Under  nutrition,  which  forms  properly  the  sum  of  all  the  animal 
processes  before  considered,  come  into  question,  in  the  first  place, 
the  relations  of  those  substances  which,  introduced  from  without, 
serve  for  the  maintenance  of  the  animal  functions.  As  the  albumi- 
nous substances,  the  fats,  the  carbohydrates,  and  certain  salts  con- 
stitute the  agents  of  the  metamorphosis  of  animal  tissue,  they  must 
principally  be  contained  in  the  material  necessary  for  the  mainte- 
nance of  the  life-functions,  i.  e.,  in  the  articles  of  food.  Even  if  a 
portion  of  the  sugar,  a  portion  of  the  fat  is  formed  in  the  animal 
economy,  the  quantity  thus  formed  is  by  no  means  sufficient  to 
subserve  the  purposes  of  life.  Experience  has  also  taught  that 
those  articles  of  food  are  the  best,  and  most  powerful,  in  which  are 
found  representatives  from  all  four  classes  of  these  important  articles 
of  diet ;  milk  affords  us  the  most  striking  instance.  Numerous  ex- 
periments have  moreover  shown  that  no  living  being  can  be  nour- 
ished for  a  long  time  upon  a  diet  into  which  one  of  these  four 
groups  of  food  does  not  enter.  As  these  four  categories  of  sub- 
stances are  continually  being  used,  transformed,  and  rendered  effete, 
in  the  animal  organism  during  life,  they  must  be  absorbed  again 
in  corresponding  proportions  by  the  animal  body,  in  order  to  replace 
that  which  is  lost  (whether  fluid  or  tissue,  ponderable  or  imponder- 
able), and  for  the  regular  continuance  of  the  life-phenomena.  The 
renewal  must  hence  be  regulated  by  the  waste.     The  idea  of  the  nutri- 
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tiveness  of  an  article  of  diet  must  always  be  a  relative  one,  as  this  is 
dependent  partly  upon  the  proportions  in  which  the  four  bases  are 
mingled  in  it,  and  partly  upon  the  individual  necessities  of  the 
organism  to  be  nourished.  For  a  scientific  determination  of  the 
nutritive  power  of  a  composite  article  of  food,  two  points  are  there- 
fore to  be  considered,  viz :  its  content  on  one  side  of  these  four  ele- 
ments of  nutrition,  and  on  the  other,  the  circumstances  under  which 
the  organism  exhibits  a  greater  or  less  need  of  all,  or  one  of  these 
nutritive  elements  for  the  maintenance  of  its  integrity  as  well  as  for 
the  production  of  certain  effects  of  forces.  The  answers  to  both  of 
these  questions  result  actually  from  quantitative  investigations : 
hence  statistico  chemical  researches  form  principally  the  founda- 
tions for  this  portion  of  the  physiology  of  nutrition.  It  is  scarcely 
necessary  to  mention,  after  what  has  been  said  under  "  Digestion," 
that  the  digestibility  of  an  article  of  food  is  one  of  the  factors  of  its 
nutritive  power,  for  it  may  contain  all  the  nutritive  elements  in 
due  proportion,  and  yet,  perhaps,  be  placed  in  regard  to  its  value 
for  nutrition,  after  other  articles  of  food,  on  account  of  its  nutritive 
elements  being  less  accessible  to  the  digestive  fluids. 

In  order  to  obtain  approximative  determinations  of  the  nutritive 
value  of  different  articles  of  food,  attention  has  general^  been 
turned  to  the  amount  of  nitrogenised  matter  in  the  article,  and  a  mea- 
sure of  its  nutritive  power  was  thought  to  have  been  found  thus  in 
the  proportion  of  nitrogen  ;  but  independently  of  the  fact  that  the 
nitrogenised  substances  are  by  no  means  sufficient  for  nutrition, 
the  proportion  of  nitrogen  can  so  much  the  less  determine  the  nu- 
tritive power,  as  on  the  one  hand,  e.  g.,  gelatin-yielding  substances 
have  certainly  far  less  nutritive  value  than  the  protein-bodies,  and 
on  the  other,  in  these  a  great  deal  depends  upon  their  digestibility. 
We  must,  therefore,  take  into  consideration,  together  with  these 
nitrogenised  nutritive  elements  which  serve  for  the  regeneration  of 
the  tissues,  and  are  hence  called  plastic,  the  non-nitrogenised 
digestible  substances  which  finally  serve  especially  for  the  mainte- 
nance of  animal  heat.  Although  we  have  so  evidently  arrived  at 
the  conviction  from  what  we  have  already  learned  of  animal  tissue- 
metamorphosis  in  general,  and  from  what  is  shown  by  direct  experi- 
ments upon  animals,  that  the  salts  must  be  present  in  the  articles  of 
food,  and  that  they  materially  affect  their  nutritive  value ;  yet  the 
more  exact  experiments  hitherto  instituted  for  the  establishment  of 
the  nutritive  value  of  different  articles  of  food  have  extended  only 
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to  the  relative  proportions  between  plastic  nutritive  elements,  and 
non-nitrogenised  substances,  viz:  fats,  and  digestible  carbohydrates; 
in  the  projection  of  corresponding  series,  on  account  of  the  defi- 
ciency of  accurate  determinations,  the  proportion  of  fat  must  be 
thrown  out  or  reduced  to  carbohydrate  according  to  its  power  of 
developing  heat,  as  in  the  following  table,  where  10  parts  of  fat  are 
counted  as  equivalent  in  this  respect  to  24  parts  of  starch.  The 
relative  weights  of  the  plastic  and  non-nitrogenised  nutritive  ele- 
ments are,  according  to  this,  in  the  following  articles  of  food,  as 
follows : — 


Plastic. 

N 

on-nitrogenised. 

In  cows'  milk 

= 

10 

:     30 

= 

f    8.8  fat. 
1 10.4  lactin. 

"  human  milk 

= 

10 

:     40 

"  lentils 

= 

10 

:     21 

"  horse-beans 

= 

10 

:     22 

"  peas 

= 

10     : 

:     23 

"  flesh  of  sheep  (fattened) 

= 

10 

:     27 

= 

11.25  fat. 

"      do         swine 

(do) 

= 

10     : 

:     30 

= 

12.5      " 

"     do        ox 

= 

10     : 

:     17 

= 

7.08   « 

"      do        hare 

= 

10     : 

2 

= 

0.83    « 

"      do         calf 

= 

10     : 

1 

= 

0.41    " 

"  wheat  flour 

= 

10     : 

:     46 

"  oatmeal 

= 

10     : 

:     50 

"  rye  flour 

= 

10     : 

:     57 

"  barley 

= 

10 

:     57 

"  white  potatoes 

= 

10 

:     86 

"  blue          do 

= 

10 

:   115 

"  rice 

= 

10 

:   123 

"  buckwheat  meal 

= 

10 

:  130 

A  more  modern  physiology  of  nutrition  cannot  be  satisfied  with 
these  data ;  although  we  may  thus  obtain  an  approximate  view  of 
the  value  of  an  article  of  food  as  a  plastic  substance,  and  as  a  mate- 
rial for  respiration,  yet  we  know  that  the  fats  and  carbohydrates 
have,  besides,  specific  functions  to  perform ;  in  fact,  direct  experi- 
ments show  that  the  carbohydrates  cannot  be  substituted  entirely 
for  the  fats  in  an  article  of  food.  We,  therefore,  are  at  present  un- 
able to  give  the  proportion  of  these  four  nutritive  elements,  which  is 
most  favorable  for  the  purposes  of  life,  in  an  article  of  food;  numerous 
and  circumstantial  experiments  are  still  wanting  for  this.  We  can 
only,  therefore,  in  order  to  form  a  tolerable  idea  of  the  mixture  of 
these  four  groups  of  bodies  which  agrees  best  with  the  prosperity 
of  the  human  organism  as  to  its  growth,  recur  to  the  composition 
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of  the  food  afforded  by  nature  herself  to  the  child,  woman's  milk ; 
according  to  this,  the  most  favorable  proportion  between  the  four 
Dutritive  elements  would  be  the  following :  to  10  parts  of  plastic 
substance  belong  10  parts  of  fat,  20  parts  of  sugar,  and  0.6  of  a 
part  of  salts.  We  are  in  possession  of  some,  though  not  very  nu- 
merous facts,  from  which  it  appears  that,  in  the  food  of  an  animal, 
no  one  of  these  four  factors  of  nourishment  can  be  wanting,  and  yet 
the  animal  be  maintained  alive ;  thus,  e.  g.,  turtledoves,  when  fed 
with  protein-substances  and  sugar,  perished  with  the  same  phe- 
nomena as  if  they  had  received  no  solid  food.  Even  when  all  the 
factors  of  nutrition  are  presented  to  an  animal  in  its  food,  but  one  of 
them  preponderates  much  over  the  others,  nutrition  takes  place 
very  imperfectly ;  thus,  e.  g.,  potatoes  and  beets  have  been  found 
alone  very  insufficient  to  nourish  a  cow.  When,  however,  we  seek 
to  ascertain  the  most  favorable  mixture  of  the  nutritive  elements,  we 
must  not  think  that  this  will  remain  one  and  the  same  for  all  condi- 
tions ;  the-  proportions  of  the  nutritive  elements  must,  on  the  con- 
trary, change,  according  to  the  state  in  which  the  organism  to  be 
nourished  is ;  its  necessities  will  as  little  demand  always  the  same 
proportions  of  this  mixture,  as  the  necessity  for  food  remains  con- 
stant in  regard  to  the  absolute  quantity.  We  have  seen  under 
"  Milk,"  how  the  milk  of  the  mother  alters  in  certain  portions  with 
the  growth  of  the  child.  The  proportions  of  the  constituents  of  this 
nutritive  fluid  which  is  presented  to  the  new-born  infant,  are 
entirely  different  (although  the  same  to  it)  from  those  which  we 
find  in  the  fluid  flowing  for  the  animal  which  has  longer  breathed 
the  air.  How  different,  further,  is  the  proportion  of  these  consti- 
tuents in  the  milk  of  different  animals !  Although  this  depends 
partly  upon  the  kind  of  food  of  the  parent  animal,  yet  here  also  the 
same  proportion  holds  good  for  similar  conditions  of  the  suckling. 
There  can,  therefore,  be  no  doubt  that  the  proportions  in  which  the 
four  categories  of  nutritive  elements  are  mingled,  exercise  a  most 
decided  influence  upon  the  welfare  of  the  organism,  and  that  the 
mutual  action  of  the  different  factors  of  nourishment  is  highly  im- 
portant for  the  metamorphosis  of  animal  tissue.  However  great 
variations  nature  institutes  in  the  proportions,  an  unconditional 
preponderance  of  any  one  of  the  factors  operates  injuriously  upon 
the  proper  course  of  the  process  of  nutrition ;  hence  a  diminution 
of  any  one  of  them  cannot  occur  without  the  concurrence  of  all ; 
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thus,  e.  g.,  all  the  experiments  instituted  upon  fattening,  show  that 
the  carbohydrates  alone  will  not  suffice  for  the  formation  of  fat  in 
the  animal  body ;  in  order  that  fat  may  be  formed,  protein  bodies 
as  well  as  salts  must  participate  in  the  metamorphosis  ;  a  develop- 
ment of  fat  is  only  possible  by  the  mutual  action  of  these  sub- 
stances ;  in  fact,  a  small  quantity  of  fat,  introduced  from  without, 
seems,  according  to  the  experiments,  to  be,  if  not  necessary,  at  least 
of  great  assistance  to  this  process. 

We  are  better  informed  as  to  the  absolute  quantities  of  food  re- 
quired for  the  maintenance  of  life  and  for  the  energetic  perform- 
ance of  all  its  functions,  than  as  to  the  most  favorable  propor- 
tion in  the  mixture  of  the  nutritive  elements.  We  cannot  assert, 
however,  in  regard  to  this  question,  that  it  has  found  a  complete 
answer  in  all  respects  in  the  numerous  investigations  which  have 
been  made.  In  order  to  determine  the  quantities  of  food  neces- 
sary to  the  animal  organism,  its  secretions  and  excretions  have 
been  quantitatively  ascertained  and  compared  with  the  quantities 
of  food  taken.  This  was  done  from  the  view  that  the  need  for 
food  is  regulated  by  the  amount  of  ivaste ;  but,  however  simple 
and  just  this  idea  appears  at  first  sight,  many  difficulties  present 
themselves  to  its  carrying  out.  The  excretions,  namely,  depend  far 
more  upon  the  quantity  of  food  taken,  than  the  need  for  food  upon  the 
amount  of  the  excretions  ;  for  we  have  seen  in  the  consideration  both 
of  the  urinary  excretion  and  of  respiration,  that  far  more  nutritive 
elements  may  be  taken  up  than  are  necessary  for  the  maintenance 
of  the  animal  functions,  and  that  then  the  excreta  are  formed  in  a 
proportion  nearly  corresponding  to  the  quantity  of  food  received. 
Hence  investigations  upon  inanition,  so-called,  were  instituted,  i.  e., 
animals  were  deprived  of  all  food,  and  their  excreta,  in  the  state  of 
hunger,  quantitatively  determined.  In  this  manner,  the  minimum 
quantities  of  nutritive  elements  required  by  the  organism  for  the  con- 
tinuance of  life  were  ascertained;  but  experiments  of  this  kind 
afford  no  test  of  the  quantities  of  food  which  are  necessary  to  main- 
tain an  animal  in  perfect  health,  and  in  the  full  use  of  its  externally 
active  powers.  If  an  animal  were  furnished  only  with  such  quan- 
tities of  food  as  would  correspond  to  the  quantities  of  excreta  found 
in  the  experiments  upon  inanition,  it  would  have  a  worse  than 
miserable  existence,  and  could  never  arrive  at  a  full  use  of  its 
powers.     If,  on  the  other  hand,  as  much  food  were  given  to  an 
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animal  as  it  would  consume,  the  case  just  alluded  to  would  occur  ; 
far  more  food  would  be  ingested,  digested  and  absorbed,  than  would 
be  necessary  for  the  most  energetic  performance  of  its  functions. 
A  so-called  superfluous  consumption  (Luxus  consumtion)  would 
then  take  place,  in  consequence  of  which  a  very  large  part  of  the 
food  absorbed  would  either  be  again  excreted,  or  at  least  not  be  ap- 
plied to  the  formation  of  cells,  fibres,  and  tissues.  In  this  way  we 
might  at  furthest  ascertain  the  'maximum  quantities  of  nutritive  ele- 
ments which  can  enter  into  the  metamorphosis  of  animal  tissue. 

The  ascertaining  of  the  maximum  quantities  has,  meanwhile,  its 
value,  as  well  as  that  of  the  minimum  quantities.  In  these  experi- 
ments, however,  two  circumstances  must  not  be  overlooked  if  they 
are  to  lead  to  practical  results ;  viz :  1st,  the  animal  subjected  to 
them  should  not  be  taken  during  growth ;  and  2d,  that  condition 
should  not  occur  which  is  usually  denominated  fattening.  In  both 
cases,  through  the  detention  of  assimilated  food  in  the  body,  this 
measure  for  the  determination  of  the  amount  of  the  proper  tissue- 
metamorphosis  is  lost.  It  is  self-evident  that  during  a  greater  energy 
of  all  the  life-functions,  during  a  considerable  or  continued  exercise 
of  the  powers,  a  greater  consumption  takes  place  than  in  the  state 
of  rest  or  passive  vegetation ;  the  necessity  of  food  then  increases 
with  the  increase  of  the  external  activity.  We  might  call  this  case 
that  of  consumption  of  labor.  From  all  this,  it  is  evident  that  the 
need  for  food  is  subject  to  excessive  variations,  and  that  it  is,  there- 
fore, extremely  difficult  to  fix  definite  numerical  values,  which  shall 
indicate  the  quantities  of  food  that  are  necessary.  Such  experi- 
ments, conducted  in  this  manner,  according  to  the  statistical  method, 
would  have  led  to  far  more  exact  and  conclusive  results  as  to  the 
nutrition  of  the  animal  organism  if  two  other  factors,  of  the  greatest 
consequence  for  the  knowledge  of  the  nutritive  process,  could  have 
been  taken  more  closely  into  consideration ;  namely,  firstty,  the 
knowledge  of  the  quantities  of  the  individual  articles  of  food  which  can 
he  absorbed  in  the  intestines  ;  and,  secondly,  that  of  the  alterations  which 
the  blood  undergoes  in  consequence  of  the  ingestion  of  certain 
quantities  of  differently  mixed  food.  Experiments  as  laborious  as 
careful  have  been  instituted  with  reference  to  'both  of  these  ques- 
tions ;  but  they  do  not  possess  such  a  degree  of  accuracy  and  agree- 
ment as  to  render  them  satisfactorily  available  for  the  explanation 
of  the  process  of  nutrition.     According  to  experiments  conducted 
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upon  ducks,  it  may  be  calculated  that  in  the  intestines  of  an  animal 

articles  of  food  may  be  absorbed  in  about  the  following  proportions: — 

Protein-substance      .         .         .         .         .         .100 


Gelatin 
Fat  . 
Starch 
Sugar 


836 

65 
401 
429 


From  other  experiments  (unfortunately  instituted  on  different 
mammalia),  it  may  be  calculated  that  for  every  1000  grs.  weight  of 
animal  there  may  be  taken  up  from  the  intestinal  canal  in  one  hour 
only  the  following  quantities  of  nutritive  elements : — 

Protein-substance      .         .         .     0.710  of  a  grain. 

Fat 0.465  "  "       " 

Sugar 4.500  "  "       " 

Still  less  have  numerical  values  been  obtained  with  reference  to 
the  influence  of  food  upon  the  chemical  constitution  of  the  blood,  as  is 
shown  by  the  following  results  of  the  investigations  as  to  this  point: 
After  animal  food,  the  "tendency  to  sink"  of  the  blood-corpuscles 
increases,  the  color  of  the  blood  becomes  somewhat  darker,  and  its 
coagulation  slightly  hastened  ;  the  amount  of  fibrin  is  slightly  aug- 
mented, as  also  its  content  of  phosphates  and  salts  generally. — Fatty 
food  occasions,  in  the  course  of  one  hour,  an  increase  of  fat  in  the 
blood ;  this,  however,  soon  diminishes  again.  By  the  prolonged 
use  of  fatty  food,  the  average  amount  of  fat  in  the  blood  is  not 
increased. —  Vegetable  diet  renders  the  blood  somewhat  brighter ;  the 
proportion  of  fibrin  in  it  is  not  altered,  while  those  of  the  fat  and 
the  salts,  especially  the  phosphates,  are  somewhat  lessened. — After 
the  last  meal,  the  quantity  of  the  solid  constituents  of  the  blood 
increases  up  to  the  ninth  hour ;  it  then  begins  again  to  diminish. — 
We  are,  therefore,  not  in  a  condition  to  follow  in  this  manner  the 
transformations  of  the  elements  of  food  in  their  individual  phases, 
and  hence  must  recur  to  the  following  statistical  investigations  for  the 
determination  of  the  quantitative  metamorphosis  of  animal  tissue. 

One  of  the  first  questions  which  it  was  sought  to  answer  by 
means  of  quantitative  researches  into  the  recepta  and  final  excreta 
of  an  organism  was  the  following :  How  are  the  products  of  disinte- 
gration, into  which  the  nutritive  elements  fall  daring  their  service  in  tli£ 
body,  divided  in  the  excretions?  A  short  and  comprehensive  answer 
to  this  question  is  not  possible  as  yet,  as  the  experiments  concern- 
ing it  have  been  made  upon  very  different  animals,  with  different 
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quantities  of  various  kinds  of  food,  and  under  otherwise  differing 
circumstances ;  hence,  we  dare  not  at  present  fix  certain  numerical 
values,  e.  g.,  for  man,  for  the  reception  of  solid  and  fluid  articles  of 
food,  and  the  division  of  the  final  products  of  transformation  in  the 
excreta.     Although  the  cause  of  such  differences  is  often  easily 
explicable,  yet  they  prevent  almost  all  comparison.     If,  for  instance, 
the  elements  of  food  are  sought  in  the  excretions,  it  appears  that  in 
carnivora  far  more  of  the  food  taken  passes  into  the  urine  and  the 
transpiration  than  in  herbivora  ;  this  difference  does  not  depend  so 
much  upon  any  actual  difference  in  the  tissue-metamorphosis  of  the 
animals  of  the  two  categories,  but  is  to  be  referred  to  the  fact  that 
a  large  amount  of  indigestible  material,  or  at  least  such  as  is  inac- 
cessible to  the  digestive  fluids,  is  afforded  to  the  herbivora  in  their 
food,  which,  therefore,  reappears  unaltered  in  the  solid  excrements. 
But,  disregarding  this  circumstance,  there  are  presented,  according 
to  the  researches  thus  far  instituted,  several  differences  in  quantitative 
tissue-metamorphosis  between  herbivora  and  carnivora.     In  the  former, 
far  less  water  is  absorbed  from  the  intestine  than  in  carnivora.     The 
difference  is  very  great ;  thus,  in  horses  and  cows  only  one-half  of 
the  water  introduced  into  the  intestine  is  absorbed,  while  in  dogs 
and   cats,  on  the   other  hand,  seventeen-twentieths   are  absorbed. 
Further,  in  herbivora,  only  fifteen  to  twenty  per  cent,  of  the  water 
which  is  absorbed  and  that  developed  from  the  elements  pass  off 
by  the  kidneys,  while  in  carnivora  about  eighty  per  cent,  passes 
off  in  the  urine.     That  the  carbon  absorbed  is  excerned  through  the 
lungs  in  much  greater  quantities  by  the  herbivora  than  by  the  car- 
nivora (the  ratio  of  the  carbon  in  the  urine  to  that  in  the  air  expired 
is  in  the  former  =  1  :  19,  in  the  latter  =  1  :  9.5)  can  arise  only  from 
the  nitrogenised  food  of  the  carnivora,  since  the  product  of  its  trans- 
formation, urea,  carries  off  a  quantity  of  unoxidized  carbon,  while 
the  carbohydrates  are  perfectly  consumed,  giving  as  their  product 
carbonic  acid  and  water,  of  which  the  former  leaves  the  body  almost 
solely  by  means  of  respiration ;  peculiar  relations  of  organization  can 
hardly  be  the  cause  of  this  phenomenon.     We  find  a  similar  ratio 
with  reference  to  the  hydrogen  in  the  animals  of  the  different  dietetic 
categories.     The  ratio  of  the  hydrogen  excreted  by  the  urine  to 
that  excreted  by  the  lungs  is  in  herbivora  =  1  :  23.0,  in  carnivora  = 
1  :  3.3;  the  reason  of  this  difference  is  the  same  as  that  which 
occasions  the  difference  in  the  quantities  of  carbon  excreted. 

In  regard,  also,  to  the  ratios  of  the  excretion  of  nitrogen,  a  striking 
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difference  is  found  with  respect  to  the  different  categories  of  animals : 
herbivora  excrete  often  of  100  parts  of  nitrogen  absorbed  in  the  pro- 
tein-bodies nearly  40  per  cent.,  by  means  of  respiration  and  perspira- 
tion, carnivora,  on  the  contrary,  scarcely  one  per  cent.  The  cause  of 
this  difference  is  not  quite  clear ;  it  may  be  supposed  that,  in  the  or- 
ganism of  herbivora,  the  process  of  oxidation  is  so  active,  that  a  great 
part  of  the  urea,  which  in  carnivora  is  excreted  as  such  in  the  urine, 
is  further  disintegrated  ;  this  view  is  supported,  in  some  degree,  by 
the  total  absence  of  uric  acid  in  the  urine  of  herbivorous  mam- 
malia. That  the  desquamation  of  the  skin,  or  the  growth  and  fill- 
ing out  of  the  hairs,  which  consume  a  great  deal  of  nitrogen,  is 
greater  in  the  herbivora  than  in  the  carnivora,  and  thus  causes  this 
remarkable  difference,  we  are  not  justified  in  supposing,  at  least 
according  to  other  observations. — If  it  is  thought  to  be  a  necessary- 
consequence  of  the  researches  to  be  afterwards  mentioned,  that,  in 
the  carnivora,  all  the  nitrogen  taken  up  with  the  food  is  excreted 
in  the  urine  in  the  shape  of  urea,  yet  other  researches  (compare 
p.  189)  have  shown  that,  especially  upon  a  scanty  diet  of  flesh,  a 
great  part  of  the  nitrogen  thus  taken  up  does  not  appear  in  the 
urine  as  urea.  Hence,  we  cannot  directly  infer  the  amount  of  the 
metamorphosis  of  tissue  as  regards  the  nitrogenised  materials,  from 
the  quantity  of  urea  contained  in  the  urine. 

In  inanition,  i.e.,  when  the  tissue-metamorphosis  takes  its  course  in 
the  organism  without  the  supply  of  fresh  material  from  without,  the 
proportions  of  the  elements  of  the  urine  to  those  of  the  perspiration 
are  almost  the  same  as  in  nutrition  by  means  of  fatty  flesh ;  for  the 
simple  reason  that  the  organism,  when  starving,  lives,  in  a  measure, 
upon  its  own  flesh. — An  interesting  relation  of  the  excretion  of  the 
elements  presents  itself  when  the  bile  is  discharged  externally  (by 
means  of  a  fistula  of  the  gall-bladder),  instead  of  being  poured  into 
the  intestine.  Whether  the  quantity  of  animal  food  taken  be  great 
or  small,  10  to  12  per  cent,  of  the  carbon  absorbed,  and  11  to  13  per 
cent,  of  the  hydrogen  absorbed,  are  excreted  by  the  bile ;  in  the  urine, 
carbon  and  hydrogen  are  excerned  in  the  same  proportions  as  when 
the  bile  is  poured  into  the  intestine,  and  there  resorbed ;  the  loss  of 
carbon  and  hydrogen,  arising  from  the  abduction  of  the  bile,  is 
wanting  in  the  products  of  respiration ;  thus  proving  that  the  se- 
creted bile,  after  its  reabsorption  in  the  intestine,  contributes  to  the 
process  of  respiration.  Of  the  nitrogen  taken  up,  only  3.0  to  3.2 
per  cent,  pass  into  the  bile,  and  this  is  found  to  be  wanting,  in  the 
urine,  when  the  bile  is  conducted  off. 
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From  experiments  upon  cats,  it  results  that  the  minimum  of 
food  for  the  carnivora  in  the  24  hours  is  about  o'g,  and  the  oxygen 
necessary  for  its  consumption  about  ^  of  the  bodily  weight.  In 
starvation,  on  the  other  hand,  the  body  of  a  carnivore  loses  (be- 
tween the  third  and  ninth  day  of  inanition),  in  2-i  hours,  only 
about  ^g  of  its  weight.  Many  carnivora  (e.  g.  cats)  are  able  to 
take  so  much  animal  food  into  their  tissue-metamorphosis  as  to 
amount  to  £  of  their  bodily  weight,  the  oxygen  necessary  being 
^th.  These  figures  must,  however,  be  regarded  only  as  uncertain 
rules,  as  in  other  experiments  ratios  differing  considerably  from 
these  have  been  presented. — On  comparing  the  excretory  products 
during  scanty,  with  those  during  abundant,  feeding  upon  meat,  it 
appears,  in  the  first  place,  that  the  quantities  of  the  excretions  stand 
nearly  in  direct  proportion  to  the  quantities  of  food  taken ;  and, 
therefore,  that  the  augmentation  or  diminution  of  animal  food  is 
without  influence  upon  the  proportions  of  the  individual  excretions, 
or  upon  their  quality  ;  in  all  cases,  the  ratio  of  the  oxygen  absorbed 
in  respiration  to  that  exhaled  in  the  carbonic  acid  =  100 :  79.3.  In 
excessive  use  of  animal  food,  however,  the  proportion  between  the 
carbonic  acid  and  the  water  which  are  expired  is  altered ;  under 
scanty  meat  diet,  more  water  is  expired,  relatively  to  the  carbonic 
acid,  than  under  abundant  meat  diet :  in  the  latter  case,  relatively 
more  water  passes  off  by  the  urine  and  feces ;  under  scanty  meat 
diet,  and  total  abstinence  from  drink,  the  proportion  between  the 
carbonic  acid  and  the  water  is  so  altered,  that,  in  this  case,  relatively 
to  the  carbonic  acid,  far  more  passes  off  through  the  skin  and  lungs. 
The  following  tabular  arrangement  of  the  figures  obtained  from 
direct  observations,  will  afford  the  best  view  of  the  relations  here 
pointed  out.  I.  has  reference  to  the  transformation  of  substances 
with  the  reception  of  the  minimum  of  food,  and  water  ad  libitum  ; 
II.  Greatest  amount  of  food  with  unrestricted  access  to  water ;  III. 
Normal  animal  diet  while  deprived  of  water. 


Recepta  and  egesta. 


Meat  (calculated  as  dry) 
Oxygen  absorbed    . 
Solid  residue  of  the  urine 
Solid  residue  of  the  feces 
Carbonic  acid  expired    . 
Watery  vapor  expired     . 


I. 


100.0 
167.0 
81.3 
1.7 
182.0 
137.6 


II. 


100.0 
166.0 

30.4 

2.5 

181.4 

76.4 


ill. 


100  0 
167.3 
30.6 
1.7 
182.6 
152  6 


Under  these  different  conditions,  therefore,  the  meat  eaten  is  sub- 


284 


ZOOCHEMICAL   PROCESSES. 


jected  in  the  organism  to  one  and  the  same  process  of  combustion, 
similar  to  an  elementary  analysis,  i.  e.,  1  part  of  dry  flesh-substance 
is  in  one  case  exactly  as  in  the  others,  decomposed  with  the  aid  of 
1.67  parts  of  oxygen  into  0.31  of  a  part  of  urine  substances,  0.02  of 
a  part  of  fecal  matter,  and  1.82  parts  of  carbonic  acid. 

As  the  lean  flesh  applied  in  such  experiments  contains  19.56  per 
cent,  of  albuminous  and  gelatin -yielding  substances,  4.74  per  cent, 
of  fat,  1.00  per  cent,  of  inorganic  matters,  and  74.70  per  cent,  of 
water,  and  as  there  are  contained  on  the  average  in  the  solid  urine- 
residue  after  the  ingestion  of  such  flesh,  85.5  per  cent,  of  urea,  and 
14.5  per  cent,  of  salts  (including  2.3  per  cent,  of  sulphuric  acid),  and 
in  the  dried  solid  excrements  about  63  per  cent,  of  bile  residue, 
there  results  the  following  balance  for  1,000  grains  of  a  carni- 
vore, supposing  that  it  will  consume  in  24  hours  50  grains  of  lean 
flesh. 


1000  grains  of  animal  consume, 
during  24  hours — 

Water. 

Albumen  and 
gelatin-yield- 
ing substances. 

Fat. 

Salts. 

50.000  grains  of  flesh 
21.125           "           oxygen 

37.350 

9  780 

2.370 

0.510 

71.125  grains  in  all. 

1000  grains  of  animal  excrete, 
during  24  hours — 

Water. 

Carbonic 
acid. 

Urea. 

Salts. 

Intestinal 
excrements. 

Bile. 

39.468  grains  of  perspiration 
30.761           "           urine 
0.806           "          feces 

16.445 

26.839 

0.681 

43.965 

23.023 

3.53 

0.569 
0.041 

0.039 

0.135 

71.125  grains  in  all 

0.610 

That  the  excess  of  water  =  6.615  in  the  egesta  denotes  the  water 
formed  in  respiration,  scarcely  need  be  mentioned  ;  the  increase  to 
the  amount  of  0.100  of  a  grain  is  caused  by  the  oxidation  of  the 
sulphur  in  the  albuminates.  According  to  these  experiments,  all 
the  nitrogen  of  the  food  is  excreted  in  the  shape  of  urea,  which  is, 
however,  incorrect,  as  we  see  from  the  previously  mentioned  ex- 
periments :  as  in  them  a  deficit  always  presented  itself.  We  do 
not  know  whither  this  nitrogen,  which  does  not  appear  in  the  urine 
as  urea,  goes.  We  are  therefore  confined  to  the  simple  announce- 
ment of  the  facts  relating  to  this  deficit ;  it  was  relatively  and  abso- 
lutely greatest  during  insufficient  meat-diet  (§  of  the  nitrogen  re- 
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ceived) ;  less  Q  of  that  received)  during  exactly  sufficient  meat-diet ; 
during  very  abundant  meat-diet,  it  was  relatively  and  absolutely 
diminished.  When  fat  was  devoured  together  with  the  flesh,  this 
deficit  was  far  less,  so  that  then  almost  all  the  nitrogen  actually 
appeared  in  the  urine  as  urea.  This  deficit  is  also  diminished, 
finally,  by  the  free  use  of  water  (compare  p.  189). 

The  metamorphosis  of  the  nitrogenised  materials  in  the  animal  body 
is  also  considerably  modified  by  the  simultaneous  ingestion  of  non- 
nitrogenised  articles  of  food.  The  ingestion  of  fat,  e.  g.,  under  all  cir- 
cumstances, restricts  the  transformation  of  the  nitrogenised  materials 
of  the  body;  thus,  for  instance,  during  perfect  starvation,  more  urea 
is  excreted  than  when  non-nitrogenised  food  only  is  eaten.  Ordi- 
narily, far  less  urea  is  excreted  under  a  diet  of  fatty  meat  than 
corresponds  to  the  quantity  of  protein -bodies  received;  but  occa- 
sionally more  urea  is  excreted  than  under  a  pure  meat  diet,  as  this 
deficit  of  nitrogen  is  lessened  by  the  fat.  Hence,  especially,  the 
quantities  of  urea  excreted  cannot  be  taken  alone  as  the  measure 
of  the  metamorphoses  of  the  nitrogenised  material  ingested,  since 
even  in  fully  grown  and  old  animals,  sometimes  more,  some- 
times less  nitrogenised  material  is  stored  away  as  tissue,  and  thus 
remains  in  the  body.  For  it  must  not  be  forgotten  that  in  excess 
of  fatty  food,  nitrogenised  material  is  applied  to  the  formation  of 
fat- cells,  and  on  the  other  hand,  in  excess  of  meat-food,  the  fat  in- 
troduced into  the  body,  or  formed  there,  is  applied  to  the  growth 
or  renewal  of  the  nitrogenised  tissues. — It  is  such  considerations, 
which  render  so  exceedingly  difficult  an  exact  determination  of  the 
amount  of  the  tissue-metamorphosis,  even  with  the  most  exact  sta- 
tistical researches  of  the  kind  described.  Hence  a  number  of  highly 
important  questions  with  regard  to  the  metamorphosis  of  animal 
tissue  must  remain  unanswered,  and  be  left  open  for  further  in- 
vestigations :  thus,  e.  g.,  the  simple  question,  whether  all  the  protein- 
bodies  taken  in  the  food  must  first  be  transformed  into  tissue-elements, 
before  they  form  urea,  or  whether  they  may  be  immediately  disintegrated 
in  the  blood  into  urea,  carbonic  acid,  and  water,  cannot  as  yet  be  de- 
cided with  certainty.  The  positive  results  of  the  researches  hitherto 
made  allow  of  so  many  interpretations,  that  we  cannot,  even  with 
all  the  aid  of  our  reasoning  faculties,  arrive  at  a  degree  of  even 
relative  truth. 

The  observations  which  have  been  made  upon  animals  deprived 
of  all  solid  nutriment,  can  serve  only  for  the  confirmation  of  several 
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of  the  above  stated  propositions.  The  results  of  the  best  and  most 
reliable  of  these  experiments  are  as  follows:  The  total  loss  of  weight, 
which  a  starving  animal  undergoes  previous  to  its  death,  varies 
according  to  the  species ;  the  animals  perish  when  they  have  lost 
from  31  to  52  per  cent,  of  their  bodily  weight.  Carnivorous  mam- 
mals (e.  g.  cats)  lose,  before  death,  51.7  per  cent,  of  their  weight;  as 
they  can  live  about  18  days  after  the  withdrawal  of  all  food,  the 
daily  loss  of  weight  would  amount  to  2.87  per  cent.  Other  animals 
lose  during  starvation  on  an  average  4.2  per  cent,  of  their  weight 
in  24  hours ;  thus,  within  this  period,  2]¥  of  the  mass  of  the  body  is 
lost,  which  corresponds  with  the  above-adduced  results  of  experi- 
ments with  exactly  sufficient  nutriment.  From  the  first  to  the 
eighth  day,  the  bodily  weight  diminishes  (in  cats)  regularly,  corre- 
sponding with  the  quantity  of  carbonic  acid  expired  ;  afterwards  the 
excretion  of  carbonic  acid  diminishes  less  than  the  bodily  weight;  and 
only  during  the  last  two  days  of  life  does  the  carbonic  acid  excre- 
tion sink  more  considerably  as  compared  with  the  loss  of  bodily 
weight.  The  kidney  excretion  diminishes  very  considerably  as  com- 
pared with  the  loss  of  weight  of  the  animal,  and  then  remains 
almost  exactly  proportional  to  it  until  the  16th  day;  it  sinks 
materially,  like  the  carbonic  acid  excretion,  during  the  last  two 
days.  The  urine  becomes  richer  in  phosphoric  and  sulphuric  acids, 
as  also  in  extractive  matters ;  the  chlorine  compounds  disappear 
from  the  urine  after  the  first  few  days.  The  proportion  between 
the  phosphoric  and  sulphuric  acids  remains  constant  during  the 
whole  period  of  inanition.  As  the  carnivora  (cats)  subjected  to 
inanition,  perspire  in  every  24  hours,  2.16  per  cent,  of  their  bodily 
weight  of  carbonic  acid,  and  1.6  per  cent,  of  watery  vapor,  and 
excrete  0.20  per  cent,  of  urea,  0.008  per  cent,  of  sulphuric  acid, 
0.011  per  cent,  of  phosphoric  acid,  and  also  0.080  per  cent,  of  dry 
feces  (including  0.020  per  cent,  of  bile-residue),  and  2.24  per  cent, 
of  liquid  water  by  the  kidneys  and  rectum ;  it  may  be  calculated 
that  on  the  average  in  the  period  named  0.611  per  cent,  of  the 
bodily  weight  of  muscular  substance,  and  0.422  per  cent,  of  fat  are 
subjected  to  disintegration  during  inanition.  From  the  determina- 
tions of  the  loss  of  weight  which  each  individual  organ  undergoes 
during  starvation,  it  results  that  the  total  loss  of  the  body  is  caused 
mainly  by  the  destruction  of  the  substance  of  the  muscles,  the  blood 
and  the  fat.  According  to  particular  calculations  of  the  diminution 
of  the  bodily  weight,  one-half  comes  upon  the  muscular  tissue,  one- 
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fourth  upon  the  fat,  and  one-fourth  upon  all  the  other  organs. 
Thus  it  was  found,  e.  g.,  that  in  cats  during  an  inanition  period 
of  18  days,  the  blood  had  suffered  the  loss  of  93.7  per  cent,  of  its 
original  weight,  the  fatty  tissue,  80.7  per  cent.,  and  the  muscles, 
66.9  per  cent. 

The  observations  upon  animals  which  were  deprived  of  all  fluid 
nourishment  have  thus  far  led  to  the  following  results:  the  ani- 
mals always  take  less  solid  food,  and  hence  the  excretions  are 
considerably  diminished.  During  a  12  days'  period  of  thirst,  a 
dog  discharged,  on  the  first  day,  926  grains  of  urine,  on  the 
seventh,  370  grains,  and  on  the  twelfth,  only  108  grains ;  the 
skin  peels  off,  and  the  hairs  (in  birds,  the  feathers)  fall  out ;  the 
excrements  become  brittle  or  hard.  The  quantity  of  the  egesta 
exceeds  far  that  of  the  ingesta  ;  hence  the  considerable  diminution 
of  the  bodily  weight.  Pigeons  lost  daily,  during  deprivation  of 
water,  3.7  per  cent,  of  their  weight,  and  after  12  to  13  days'  thirst, 
4.6  per  cent.  The  greatest  part  of  the  decrease  of  weight  fell  here 
also  upon  the  muscles,  the  skin,  and  the  fat ;  while  the  brain,  eyes, 
and  spleen  presented  no  material  change. 

One  of  the  most  important  questions  in  relation  to  the  conditions  of 
nutrition  of  the  animal  organism,  has  reference  to  the  ascertaining  of 
the  relations  of  food  to  the  metamorphosis  of  tissue,  as  with  it  is  con- 
nected the  increase  of  the  weight  of  the  body,  and  hence  growth,  and  that 
kind  of  increase  of  bodily  weight  which  is  denominated  the  becoming 
fat.  Unfortunately,  we  must  yet  wait  for  the  answer  to  this  inquiry. 
Several  series  of  experiments  have  indeed  been  presented  which 
are  concerned  with  this  condition  ;  but  they  are  not  sufficient  to 
direct  us  to  any  general  conclusions,  on  account  of  the  continual 
variations  to  which  the  bodily  weight  is  subject,  even  under  per- 
fectly normal  circumstances,  as  the  consequence  of  the  deposition 
and  destruction  of  the  tissues.  Even  the  researches  into  the  tissue- 
metamorphosis  in  the  egg  during  incubation,  are  still  too  few  or 
not  accurate  enough  to  authorize  the  attempt  to  draw  general  con- 
clusions from  them. — It  needs  only  to  mention  here,  that  certain 
substances  introduced  into  the  body  with  the  food,  diminish  the 
transformation  of  the  nitrogenised  matters,  and  hence  possibly  con- 
duce to  the  more  abundant  deposition  of  nitrogenised  tissue- 
material  ;  while  others,  such  as  chloride  of  sodium,  or  abundant 
ingestion  of  water,  appear  to  hasten  their  transformation,  and  inter- 
fere with  this  deposition. 
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As  the  science  of  the  process  of  nutrition  is  the  culminating 
point,  or  final  object  of  all  physiologico-chemical  investigations, 
it  is  not  surprising  that  this  chapter  has  afforded  relatively  the 
least  scientific  profit;  for  all  the  chemico-physiological  investi- 
gations hitherto  made,  have  only  tended  to  establish  first  a  firm 
basis  for  the  review  and  examination  of  this  process  at  large  and 
in  general.  We  are  still,  however,  so  far  behind  in  the  theory  of 
nutrition,  that  we  must  content  ourselves  with  investigating  the 
balances  between  the  recepta  and  excreta,  in  order  to  form  even 
the  outlines  of  a  representation  of  the  tissue-metamorphosis  in 
general.  "We  must  look  to  the  future  for  an  investigation  of  the 
internal  exchange  of  elements  in  the  process  of  nutrition,  of  its  in- 
dividual members  and  stages,  of  the  so-called  intermediate  tissue- 
metamorphosis,  in  order  to  obtain  an  exact  scientific  comprehen- 
sion of  the  chemical  phenomena  of  life. 
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CIRCULATION. 


By  this  term  we  understand  the  distribution  of  the  blood 
throughout  the  organism  during  life,  connected  as  this  is  with  the 
various  functions  taking  place  in  the  system  which  have  been 
already,  in  great  measure,  described  in  the  previous  part  of  this 
work — such  as  secretion,  nutrition,  digestion,  respiration,  and  ex- 
cretion. For  the  maintenance  of  the  circulation,  we  find  an  apparatus 
provided  which  may  safely  be  characterized  as  the  most  perfect 
hydraulic  apparatus  in  existence.  Nearly  all  the  phenomena 
which  pertain  to  the  circulation  may  be  readily  explained  on  the 
ordinary  principles  of  hydrostatics  and  hydrodynamics;  our  object, 
however,  in  this  chapter,  is  not  so  much  to  illustrate  the  truth  of 
this  proposition  as  to  call  attention  to  the  adaptation  of  the  me- 
chanisms here  found  to  the  execution  of  the  life-functions.  We 
shall  therefore  consider  the  subject  under  the  following  divisions — 
the  Heart,  and  Arteries;  the  Veins,  and  the  Capillaries.  We  might 
also  divide  it  with  reference  to  the  so-called  greater  and  lesser  cir- 
culations, or  the  circulation  through  the  system  generally,  and  that 
through  the  lungs,  but  we  hardly  consider  this  as  warranted  by  the 
difference  in  these  two  great  branches  of  the  circulatory  system. 

THE  HEART  AND  ARTERIES. 

From  all  parts  of  the  system  the  blood  is  brought  to  the  heart 
by  means  of  the  veins,  and  thence  is  driven  onward  through  the 
arteries  to  supply  again  the  various  parts  with  that  fluid  which  is 
necessary  for  their  vital  activity.  In  man,  and  in  all  the  upper 
classes  of  animals,  the  heart  is  double,  and  two  sorts  of  blood  are 
brought  to  it,  each  of  which  is  forwarded  by  that  organ  in  its  pro- 
per course.  Oxygenated,  and,  in  a  great  measure,  depurated  blood, 
is  brought  from  the  lung-capillaries  through  the  pulmonary  veins 
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to  the  left  side  of  the  heart,  to  be  sent  thence  through  the  general 
arterial  system  in  order  to  subserve  the  general  tissue  metamor- 
phosis, and  to  the  kidneys  and  skin,  there  to  lose  other  effete 
matters  which  are  not  discharged  by  the  lungs;  while,  from  the 
right  side  of  the  heart,  the  blood  which  has  accumulated  from  the 
system  at  large,  bringing  with  it  the  products  of  the  tissues  disin- 
tegrated in  the  life-processes,  and  also  the  results  of  digestion,  is 
propelled  through  the  pulmonary  artery  to  the  lungs,  there  to 
undergo  such  changes  as  shall  fit  it  again  for  the  general  purposes 
of  nutrition,  and  which  have  been  fully  treated  of  under  "  Eespira- 
tion."  As  the  blood  enters  the  heart,  it  is  dilated,  from  the  base 
to  the  apex,  gradually  at  first,  then  toward  the  last  it  is  suddenly 
distended,  and  immediately  contracts  in  the  same  direction,  i.  e., 
from  the  base  downwards.  The  dilatation  of  the  heart  is  called  the 
diastole,  and  is  divided  into  two  stages — the  passive  (during  which 
the  blood  flows  quietly  through  the  auricle  into  the  ventricle),  and 
the  active  (in  which  there  is  apparently  an  active  dilatation  of  the 
heart  in  order  that  it  may  be  filled  to  its  entire  extent) ;  this  is  then 
followed  by  the  systole  or  contraction,  which  takes  place  first  in  the 
auricles  (they  thus  emptying  themselves  into  the  ventricles),  and 
next  in  the  ventricles,  the  tricuspid  and  mitral  valves  being  closed 
partly  by  the  current  of  blood  thrown  against  them  and  partly  by 
the  action  of  the  columnse  carneae  attached  by  the  chordae  tendineaj 
to  their  edges;  the  blood  contained  in  them  is  thus  forced  into  the 
aorta  and  pulmonary  artery.  Its  return  into  the  ventricles  upon 
the  relaxation  which  follows  is  prevented  by  means  of  the  semilunar 
valves  placed  at  the  orifices  of  these  arteries,  which  are  closed  by 
the  pressure  of  the  returning  column  of  blood.  This  period  of 
activity  of  the  heart  is  then  followed  by  one  of  comparative  repose, 
nearly  equal  in  length,  when  the  same  phenomena  are  again  ex- 
hibited. They  may  be  observed  readily  in  the  frog  after  the 
removal  of  the  sternum,  or  in  the  sheep,  the  animal  having  pre- 
viously been  rendered  insensible  by  means  of  a  blow  upon  the 
cranium,  and  respiration  being  artificially  maintained. 

The  rapidity  with  which  the  blood  passes  through  the  heart  may 
be  conceived  of  by  recalling  to  mind  the  experiments  performed  by 
injecting  ferrocyanide  of  potassium  into  one  of  the  jugular  veins 
of  a  horse,  and  noting  the  time  which  elapsed  before  its  appearance 
in  the  other;  in  twenty  seconds  it  had  traversed  the  lung-capillaries, 
the  heart,  the  carotid  artery  and  its  capillaries,  and  reappeared  in 
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the  jugular  vein  of  the  opposite  side.  Allowing  three  fluidounces 
to  be  the  quantity  propelled  by  each  contraction  of  the  left  ventri- 
cle, each  particle  of  blood  in  the  body  would  pass  through  the 
heart  in  a  little  more  than  one  minute.  Here  we  find  an  apparent 
discrepancy  in  the  results  of  these  two  modes  of  investigation  ;  we 
are  not  at  present  able  to  decide  which  of  them  is  the  most  reliable. 

The  force  with  which  the  blood  is  sent  from  the  heart  through 
the  system  is  more  accurately  determined ;  this  is  done  by  means 
of  the  so-called  haemadynamometer,  which,  in  an  improved  form, 
consists  of  a  glass  tube,  provided  with  a  stopcock,  and  terminating 
in  a  U-shaped  tube;  the  U  is  partly  filled  with  mercury,  and  a 
small  quantity  of  a  strong  solution  of  bicarbonate  of  soda  is  placed 
upon  the  mercury  (to  prevent  the  coagulation  of  the  blood  from 
interfering  with  the  experiment),  the  straight  portion  of  the  tube 
being  then  attached  to  the  artery,  the  stopcock  is  turned,  and  the 
depression  ensuing  in  one  leg  of  the  IT,  and  the  corresponding  ele- 
vation in  the  other,  are  noted;  we  thus  have  a  measure  of  the 
pressure  exerted  by  the  heart  upon  the  blood  in  the  artery  experi- 
mented upon.  This  has  been  found  to  be  equal,  in  the  aorta,  to 
four  pounds  three  ounces.  Both  the  frequency  and  force  of  the 
current  of  the  blood,  as  was  to  be  expected,  are  found  to  diminish 
as  we  recede  from  the  heart  to  the  extremities. 

When  blood  is  forced  into  the  aorta,  the  elasticity  of  its  walls 
causes  it  to  be  lengthened  and  increased  in  diameter  at  the  first 
impulse,  and  then  to  contract  again,  propelling  the  blood  onward 
through  its  branches,  in  which  the  same  process  is  repeated.  A 
great  advantage  is  attained  by  the  elasticity  of  the  arteries  (which 
is  due  principally  to  their  middle  coat)  in  the  equalization  of  the 
current  of  the  blood.  By  this  means  the  blood  which  is  propelled 
in  jets  in  the  larger  arteries  is  made  to  flow  more  regularly  as  it 
approaches  the  capillaries.  A  loss  of  power  is,  however,  expe- 
rienced, which  is  compensated  in  some  measure  by  the  introduction 
into  the  middle  coat  of  the  smaller  arteries  of  contractile  fibre-cells. 
These  promote  the  current  of  the  blood  through  the  smaller  arte- 
ries ;  they  are,  in  great  measure,  under  the  influence  of  the  sympa- 
thetic nervous  system  (as  may  be  proved  in  the  rabbit  by  section 
of  the  sympathetic,  which  produces  a  dilatation  of  the  minute  arte- 
ries on  the  side  injured),  and  give  rise,  probably  by  their  degree 
of  contraction,  to  the  tonicity  of  the  pulse:  thus,  when  they  are 
stimulated  to  excessive  action,  we  will  find  the  pulse  at  the  wrist 
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corded  and  small;  when,  on  the  contrary,  they  are  relaxed,  the 
pulse  will  be  full,  soft,  and  compressible. 

THE  CAPILLARIES. 

There  is  every  reason  to  believe  that  in  connection  with  these 
vessels,  nearly  all  the  phenomena  which  characterize  life  take 
place ;  the  importance  of  their  functions  is  hence  readily  perceptible. 
They  receive  from  the  arteries  (in  the  systemic  circulation),  blood 
which  is  oxygenated  and  loaded  with  materials  destined  for  the 
nutrition  of  the  various  tissues,  or  for  the  formation  by  the  organs 
of  their  secretions  and  excretions  ;  the  changes  accompanying  these 
processes  take  place  either  within  or  around  them  ;  they  receive 
from  these  tissues  and  organs  their  debris,  the  various  products,  such 
as  carbonic  acid,  water,  &c,  which  result  from  their  vital  activity, 
and  consign  them  in  their  turn  to  the  veins.  The  various  pheno- 
mena here  occurring  can  be  but  partially  explained  as  yet,  owing 
to  the  fact  that  only  their  results,  generally  speaking,  are  accessible 
to  direct  observation.  We  may  refer  for  a  view  of  some  of  these 
to  p.  197,  where,  in  treating  of  the  formation  of  the  urine,  the 
mechanical  arrangements  for  its  excretion  are  fully  explained. 
The  same  principles  are  applicable  elsewhere ;  but  one  phenomenon 
remains  open  for  discussion,  the  movement  of  the  blood  through  the 
capillaries.  The  area  of  the  capillary  rete  is  enormously  increased 
as  compared  with  that  of  the  arterial  system  :  and  the  diminished 
force  of  the  heart's  action  is  in  all  probability  wholly  insufficient  to 
drive  the  blood  over  this  vastly  increased  extent  of  surface  (some 
authors  compute  it  as  400  times  as  great).  We  also  frequently  see 
in  disease  a  great  disproportion  between  the  heart's  action  and  the 
capillary  circulation;  and  in  inflammation,  for  instance,  of  one 
hand,  the  amount  of  blood  passing  in  a  given  time  through  an  in- 
flamed part  is  greater  than  that  passing  through  the  corresponding 
healthy  part,  although  the  heart  propelling  the  blood  must 
obviously  act  equally  on  both.  These  facts  suffice  to  show  that  the 
capillary  circulation  is  maintained  by  some  power  besides  the  action 
of  the  heart,  and  that  the  metamorphosis  of  tissue  must  take  place 
in  connection  with  their  function.  Two  factors  of  this  movement 
may  be  recognized  :  1st,  the  chemical  attraction  of  the  tissues  beyond 
the  capillaries,  and  in  which  they  are  imbedded  for  their  contents; 
and  2d,  the  capillary  attraction  of  the  capillary  walls  themselves.     The 
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capability  of  chemical  affinity  to  produce  molecular  motion  need 
not  be  here  discussed ;  it  must  be  evident  that  the  tissues  and  organs 
will  attract  to  themselves  the  arterial  blood  so  rich  in  the  oxygen 
which  they  need  for  their  transformations,  while  the  venous  blood, 
loaded  with  carbonic  acid,  water,  and  their  other  products  of  vital 
action,  is  forced  on  into  the  veins.  The  same  takes  place  in  the 
capillaries  of  the  lungs ;  the  blood  which  is  rich  in  carbonic  acid 
presses  forward  to  exchange  its  excess  for  the  oxygen  which 
abounds  in  the  air-cells ;  this  done,  it  becomes  indifferent,  and  is 
moved  onward  by  the  vis  d  tergo  of  other  portions  pressing  forward 
to  make  the  same  exchange.  Direct  experiments  prove  the  cor- 
rectness of  this  reasoning  ;  if  access  of  air  be  limited,  the  blood  is 
found  to  accumulate  in  the  arterial  system ;  the  pressure  in  the 
arteries  increases  as  long  as  the  heart's  action  is  maintained,  as 
shown  by  the  hiemadynamometer.  Venous  blood  is  also  found  to 
have  accumulated  in  the  arteries  of  the  lungs,  giving  rise  to  their 
congestion.  The  importance  of  the  second  coefficient  of  this  capil- 
lary movement  is  proved  by  the  experiments  performed  with  the 
view  of  determining  the  relative  rapidity  of  passage  of  fluids  of 
different  densities  through  capillary  tubes ;  e.  gn  alcohol  passes 
much  more  slowly  than  water,  &c. 

The  distribution  of  the  capillaries  in  the  tissues  and  organs  is 
well  worthy  of  notice,  each  tissue  having  a  mode  of  capillary 
arrangement  peculiar  to  itself.  The  description  of  these  modes, 
however,  belongs  rather  to  minute  anatomy  than  to  physiology ; 
we  therefore  merely  remark,  in  this  place,  that  as  the  physiological 
function  of  a  substance  stands  in  close  relation  to  its  chemical 
nature,  so  also  the  mechanical  arrangements,  by  means  of  which  a 
part  is  supplied  with  nutritive  matter,  will  be  of  the  greatest 
moment  in  determining  its  mode  of  nutrition,  i.  e.,  the  substances 
which  it  will  abstract  from  that  complex  pabulum,  the  blood,  its 
subsequent  action  upon  these  substances,  and  the  materials  which  it 
will  return  into  the  blood.  We  are  not  yet  able  to  follow  the  steps 
of  this  process,  on  account  of  our  ignorance  of  the  intermediate 
stages  between  albumen,  &c,  and  the  principles  of  organized 
tissues.  But  the  proposition  which  we  are  seeking  to  establish  is 
evidently  a  corollary  of  the  great  physiological  truth  that  form 
always  corresponds  to  function;  that  is,  where  the  functions  are 
similar  we  have  similar  forms  or  apparatus  for  their  performance ; 
and  where  they  are  different  or  special,  we  have  different  or  special 
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apparatus  for  their  performance.  Hence  we  need  not  have  recourse 
to  the  supposition  that  there  exists  in  any  parts  or  tissues  of  the 
body  a  so-called  selective  affinity,  or  sort  of  intelligent  attraction,  for 
the  substances  appropriate  for  their  nutrition  ;  the  arrangement  of 
their  capillaries  necessitates  the  transudation  of  the  materials 
required  as  much  as  the  laws  of  chemical  affinity  control  their  com- 
binations. 


THE  VEINS. 

The  functions  of  the  venous  system  seem  to  be  much  more  simple 
than  those  of  the  capillaries;  they  may  be  summed  up  in  great 
measure  as  follows :  They  receive  the  blood  which,  having  subserved 
the  purposes  of  nutrition,  secretion,  or  excretion,  is  to  be  conveyed 
back  to  the  heart  in  order  that  it  may  be  sent  thence,  in  the  case 
of  the  systemic  blood,  to  the  lungs,  to  be  freed  from  part  of  its 
water,  carbonic  acid,  &c,  or  in  that  of  the  aerated  blood,  from  the 
lungs,  to  be  distributed  throughout  the  organism.  To  this  it  may 
be  added  that  absorption  seems  to  take  place  through  the  veins 
more  readily  than  through  any  other  part  of  the  circulatory  system ; 
the  capillaries  also  possess  this  power  to  a  great  extent,  but  it  is 
the  venous  capillaries  and  radicles  which  principally  perform  this 
function.  The  rapidity  of  the  blood-current  through  the  veins  is 
less  than  that  through  the  arteries,  as  their  surface  is  much  greater; 
it  is  maintained  principally  by  the  vis  a  tergo  of  the  blood  in  the 
capillaries,  with  the  aid  probably  of  the  respiratory  movements,  and 
the  onward  current  of  the  blood  in  the  arteries  as  a  vis  a  J route, 
while  the  contraction  of  the  muscular  tissues  surrounding  many  of 
them  would  propel  the  blood  contained  in  them,  the  valves  pre- 
venting its  regurgitation. 


REPRODUCTION. 


Under  this  head  are  included  all  the  phenomena  which  have  for 
their  object  the  formation  of  new  individuals  resembling  in  all 
respects  the  parent  individuals.     Throughout  all  organized  nature, 
the  law  prevails  that  every  living  organism  has  proceeded  or  been 
derived  from  a  pre-existing  organism,  i.  e.,  is  not  merely  the  result  of 
the  unaided  action  of  the  ordinary  forces  of  nature,  occurring  or  not 
by  chance,  but  is  the  direct  result  or  effect  of  a  vital  force  operative 
in  accordance  with  certain  laws.     In  the  lowest  orders  of  existence, 
the  individuals  of  which  are  composed  of  cells,  or  aggregations  of 
cells,  the  production  of  new  individuals  often  takes  place  by  the 
process  of  gemmation  or  subdivision;  this  process  we  shall  also 
notice  as  the  first  step  towards   organization  in  the  fecundated 
ovum.     Advancing  in  the  scale  of  existence,  we  find  individuals 
composed,  not  as  before,  of  similar  cells,  all  performing  the  same 
functions,  but  an  adaptation  of  certain  cells  to  the  performance  of 
certain  functions,  &c.     The  organism  is  now  more  complex,  and 
often  passes  through  several  stages  of  development  before  it  is  per- 
fected ;  still  we  find  often  that  it  is  propagated  by  gemmae  originat- 
ing from  the  parent  being.     In  these  beings,  on  the  borders  of 
existence,  we  notice  another  phenomenon  which  is  not  observed 
amono-  higher  beings,  at  least  to  any  extent,  viz  :  when  a  portion  of 
an  individual  is  removed  a  similar  portion  is   soon   developed; 
indeed  the  whole  animal  may  be  divided  into  small  pieces,  each  of 
which  will  then  grow  and  complete  itself,  so  as  to  resemble  the 

original  animal. 

But  when  any  degree  of  development  is  attained,  we  find  special 
organs  set  apart  for  the  formation  of  new  beings  and  the  perpetua- 
tion of  the  species ;  so  universal  is  this  proposition  that  it  has  been 
said  "  omne  vivum  ah  ovon— a  law  to  which  at  present  we  know  of 
no  exception  ;  the  apparent  one  of  gemmation  ceases  to  be  such  if 
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we  regard  the  gemmated  offspring  as  part  of  the  original  individual. 
Another  proposition  of  universal  applicability  is,  that  for  the  forma- 
tion of  a  new  individual,  it  is  necessary  that  the  two  opposite  sexual 
elements  should  be  united.  These  may  be  contained  in  the  same 
individual,  as  in  hermaphrodites,  or  may  be  formed  in  different  indi- 
viduals, the  union  being  accomplished  in  various  ways  in  the  dif- 
ferent classes  of  beings.  These  sexual  elements  have  been  desig- 
nated the  germ-cell  and  the  sperm-cell.  The  former,  which  is  supplied 
by  the  female,  is  imbedded  in  a  mass  of  plastic  matter,  the  yolk, 
which  is  capable  of  being  assimilated  by  the  germ-cell  and  trans- 
formed (when  the  latter  has  been  fertilized  by  means  of  the  sperm- 
cell  or  male  element)  into  a  mass  of  germs,  from  which  the  future 
organism  is  to  be  developed.  For  this  development,  as  stated  by 
Dr.  Jackson  in  his  introduction,  there  are  necessary  a  due  supply 
of  oxygen,  a  certain  temperature  (differing  in  different  classes  of 
beings,  but  fixed,  within  certain  limits,  for  each),  a  supply  of  proper 
plasma,  and  the  presence  of  organic  force,  which  is  produced  by  this 
union  of  the  contents  of  the  sperm-cell  and  the  germ-cell.  The  only 
apparent  exception  to  this  law  is  that  of  so-called  parthenogenesis,  or 
the  production  of  one  or  more  series  of  individuals  without  sexual 
intercourse.  This  takes  place  especially  among  the  aphides,  whose 
mode  of  propagation  may  be  described  as  follows:  in  the  autumn, 
sexual  intercourse  having  taken  place,  ova  are  formed  and  deposited 
so  as  to  be  hatched  in  the  spring ;  these,  after  passing  through  the 
larva  state,  are  developed  into  perfect  aphides,  all  of  which  are 
females ;  they,  however,  give  birth  to  successive  progenies  of  female 
aphides;  the  latter  also  possessing  the  same  power;  this  continues 
until  autumn,  when  males  are  also  produced,  sexual  intercourse 
takes  place,  and  ova  are  deposited  as  before.  But  this  apparent 
exception  is  easily  explained  on  the  hypothesis  that  a  quantity  of 
superfluous  germ-mass  is  inclosed  in  the  body  of  each  aphis,  from 
which  the  successive  individuals  are  developed.  That  superfluous 
germ-mass  is  often  stored  up  in  the  organisms  of  the  lower  orders 
of  animal  life,  we  see  demonstrated  by  the  renewal  of  whole  limbs, 
&c,  after  their  loss,  as  in  crabs,  lobsters,  &c. 

Passing,  then,  at  once  to  the  consideration  of  the  process  of  repro- 
duction in  the  human  species,  we  shall  take  up  the  phenomena 
which  are  exhibited  in  the  development  of  the  foetus.  The  nature, 
appearance,  &c,  of  the  human  sperm-cell,  or  spermatozoon,  has 
already  been  sufficiently  described ;  it  only  remains  to  state  that  in 
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this  microscopic  molecule  resides  all  the  influence  which  the  father 
exerts  over  the  organization  of  his  offspring.  On  the  other  hand, 
the  mother  contributes  not  only  the  essential  female  element,  the 
germ-cell,  but  also  the  nutrient  material  for  the  development  of  the 
foetus.  This  germ-cell,  or  germinal-vesicle,  as  it  is  generally  termed, 
with  its  nucleus  or  germinal  spot,  occupies  originally  the  centre  of 
the  vitellns,  or  yolk  (true  yolk,  or  germ-yolk,  as  distinguished  from 
the  food-yolk  of  the  eggs  of  birds) ;  but,  when  the  ovum  is  mature, 
it  approaches  as  nearly  as  possible  the  peritoneal  covering  of  the 
ovary.  The  vitellus  is  surrounded  by  a  membrane  called  the  zona 
pellucida,  and  floats  in  the  cavity  of  the  Graafian  vesicle,  the  interior 
of  which  is  lined  by  a  layer  of  epithelial  cells  constituting  the 
discus  prob'ger  us.  The  ovum,  then,  consisting  of  the  zona  pellucida 
and  its  contents,  having  been  matured  in  the  Graafian  vesicles  of 
the  ovary,  escapes  into  the  Fallopian  tube  on  the  rupture  of  the 
Graafian  vesicle,  and  is  thence  discharged  through  the  womb  into 
the  vagina;  or  being  fecundated  by  the  contact  of  the  male  element, 
the  spermatozoon,  a  series  of  phenomena,  the  most  wonderful  in  all 
nature  ensues.  As  it  passes  through  the  Fallopian  tubes,  it  receives 
an  additional  layer  of  a  fibrino-albuminous  nature,  the  chorion.  This 
is  organized  primarily  into  fibrils  and  nucleate  cells,  the  latter  sub- 
sequently passing  into  connective  tissue  and  bloodvessels;  it  is 
villous  or  shaggy  on  the  external  surface,  and  insinuates  its  villosi- 
ties  or  tufts  into  the  interstices  of  the  decidua  ;  after  the  develop- 
ment of  the  foetus  has  reached  such  a  point  that  sufficient  nutriment 
for  it  can  no  longer  be  derived  from  the  fluids  thus  absorbed  from 
the  matters  secreted  by  the  uterus,  the  vascular  element  of  the  cho- 
rion becomes  excessively  developed  at  one  spot,  a  corresponding 
vascular  growth  taking  place  on  the  walls  of  the  uterus.  Between 
the  foetal  and  maternal  blood  thus  brought  into  close  approxima- 
tion, intercurrents  are  established,  carrying  from  the  foetal  to  the 
maternal  blood  the  products  of  the  tissue  metamorphosis  of  the 
embryo,  and  from  the  maternal  to  the  foetal  fresh  supplies  of  oxygen 
and  plasma,  for  the  maintenance  of  the  life-functions  of  the  latter. 
In  the  uterus  itself  certain  changes  take  place  upon  the  occurrence 
of  conception.  The  mucous  lining  of  the  uterus  secretes  a  tough 
viscid  mass,  called  the  membrana  decidua.  As  the  ovum  enters  the 
uterus  from  the  Fallopian  tubes  it  pushes  before  it,  according  to  the 
older  authorities,  a  layer  of  this  deciduous  membrane,  constituting 
the  decidua  refiexa ;  while  that  which  covers  the  uterus  is  called  the 
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decidua  vera:  according,  however,  to  more  recent  researches,  the 
ovum  is  lodged  upon  the  internal  surface  of  the  decidua,  which 
then  grows  over  and  around  it.  We  next  come  to  consider  the 
changes  which  take  place  in  the  fecundated  ovum  itself.  The 
spermatozoids  have  been  traced  clearly  in  the  zona  pellucida, 
but  their  further  progress  into  the  germinal  vesicle  has  not  been 
observed ;  so  that  we  must  remain  contented  for  the  present 
with  the  knowledge  that,  in  some  manner  (probably  by  endos- 
mose),  the  contents  of  the  two  cells  are  mingled.  The  germinal 
vesicle  then  disappears,  and  in  its  place  we  have  a  granular  mass 
called  the  yolk-mass,  containing  a  nucleus ;  a  fission  of  this  mass 
and  its  nucleus  into  two  similar  masses  then  occurs,  and  this  pro- 
cess is  repeated  until  we  have  the  whole  of  the  yolk-mass  (occupy- 
ing the  place  of  the  original  germinal  vesicle)  subdivided  into  cell- 
like bodies,  which  become  true  cells  by  the  development  of  an 
investi Dg-membrane  around  each  of  them,  and  then  constitute  a 
mulberry-like  mass. 

Gradually,  this  agglomeration  of  cells  is  seen  to  separate  itself  so 
as  to  form  two  layers,  differing  considerably  from  each  other  in 
appearance ;  the  external  or  serous  layer  is  that  from  which  are  to 
be  developed  the  tissues  and  organs  of  animal  life;  while  the  mucous 
or  internal  layer  is  devoted  to  the  formation  of  the  tissues  and 
organs  of  vegetative  or  organic  life.  One  spot  in  these  layers  is  next 
noticed  to  be  darker  than  the  surrounding  ;  this  is  called  the  area 
germinativa;  at  first  of  a  rounded  shape,  it  gradually  becomes  ovoid, 
and  clearer  near  the  centre ;  the  name  of  area  pellucida  is  applied 
to  this  part,  and  that  of  area  vasculosa  to  the  outer  part  of  the  area 
germinativa.  A  dark  line  is  then  observed  in  the  middle  of  the 
area  pellucida,  the  primitive  trace,  formed  by  a  groove  in  the  serous 
layer ;  this  is  gradually  deepened  by  the  growth  of  the  adjacent 
sides  of  the  serous  layer  so  as  to  form  the  lamince  dorsales ;  these 
gradually  approach  at  their  summits  so  as  to  convert  the  primitive 
trace  into  a  tube.  We  thus  have  formed  the  rudiment  of  the  cra- 
nio-vertebral  system.  At  the  same  time,  a  layer  of  cells  is  being 
developed  between  the  serous  and  mucous  layers,  termed  the  vas- 
cular layer ;  the  walls  of  these  cells  are  developed  into  capillary 
bloodvessels,  while  their  nuclei  probably  serve  to  originate  the 
blood-discs ;  a  distinct  vascular  rete  is  now  seen  to  extend  itself 
over  the  germinal  area,  and  thence  over  the  whole  of  the  vitelline 
membrane,  serving  thus  as  a  means  for  carrying  the  unassimilated 
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yolk,  to  the  embryo  until  it  is  exhausted.  From  the  laminae  dor- 
sales,  prolongations  next  take  place  outwards  and  downwards,  to 
form  the  transverse  processes  of  the  vertebras  and  the  ribs,  thus 
inclosing  the  abdominal  cavity.  A  portion  of  the  yolk  is  thus 
included  in  the  embryo,  communicating  with  the  rest  (now  known 
as  the  umbilical  vesicle)  by  the  vitelline  duct.  The  mucous  layer 
aids  in  this  process  by  rising  on  each  side  of  the  embryo,  and  arch- 
ing over  so  as  to  meet  and  unite  in  the  median  line,  thus  forming 
the  rudiment  of  the  intestinal  canal.  The  serous  lamina  beyond 
the  area  germinativa  is  meanwhile  seen  to  rise  up  all  around  the 
embryo  in  a  double  fold  until  it  meets,  and  forms  thus  a  double 
investment  of  the  embryo  ;  this  membrane  is  called  the  amnion. 
Its  external  layer  covers  the  internal  surface  of  the  chorion,  while 
the  inner  constitutes  a  distinct  membranous  covering  of  the  foetus, 
and  contains  a  peculiar  fluid,  the  liquor  amnii.  From  the  caudal 
extremity  of  the  digestive  tube,  a  mass  of  cells  is  next  observed  to 
be  developed ;  in  the  centre  of  these  a  cavity  is  formed,  and  the  whole 
vesicle,  the  allantois,  is  then  developed  until  it  reaches  the  part  of  the 
chorion  which  is  in  closest  vascular  connection  with  the  decidua ; 
the  capillaries  of  the  embryo  are  extended  through  its  walls,  and 
come  thus  into  connection  with  the  villous  tufts  of  the  choriou, 
which  soon  become  converted  into  capillary  loops,  dipping  into  the 
substance  of  the  membrana  decidua.  In  the  latter,  bloodvessels 
and  sinuses  communicating  with  the  circulatory  system  of  the 
mother  have  been  developed,  and  the  foetal  blood  is  thus  brought 
into  close  connection  with  that  of  the  mother ;  its  effete  matters 
are  absorbed,  and  it  returns  to  the  foetus  duly  oxygenated.  When 
the  allantois  has  performed  (in  the  human  embryo)  the  office  of 
carrying  the  bloodvessels  to  the  chorion,  and  aided  in  the  depurat- 
ing process  by  its  communication  with  a  large  surface  of  the  cho- 
rion until  a  more  direct  mode  of  exchange  is  formed  by  the  growth 
of  the  placenta  in  the  same  manner  as  just  described,  it  shrivels  up, 
and  remains  only  as  a  minute  vesicle  upon  the  umbilical  cord. 
The  same  take  place  with  regard  to  the  umbilical  vesicle,  the  con- 
tents of  which  have  now  been  exhausted.  The  circulation  of  the 
fluid  in  the  capillaries  of  the  embryo,  and  the  gradual  formation  of 
the  heart,  arteries,  and  veins,  are  phenomena  of  great  interest. 
After  the  formation  of  the  vascular  layer  and  the  area  vasculosa, 
the  fluid  contained  in  the  vessels  is  seen  first  to  move  to  the  em- 
bryo; then  a  pulsatile  movement  is  observed  in  the  part  of  the 
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bloodvessel  walls  which  is  to  constitute  the  heart;  this  motion 
becomes  stronger,  the  wall  of  the  tube  is  thickened,  and  muscular 
tissue  is  developed  in  it ;  it  is  soon  divided  into  three  cavities,  the 
auricle  or  receiving  cavity,  the  ventricle  or  propelling  cavity,  and 
the  bulbus  arteriosus,  or  commencement  of  the  aorta;  it  is  also 
doubled  on  itself.  The  blood  passing  into  the  aorta  is  propelled 
mainly  toward  the  head  and  upper  portions  of  the  embryo,  causing 
them  to  be  developed  more  rapidly  than  the  inferior  portions.  It 
is  also  distributed,  as  mentioned,  over  the  umbilical  vesicle,  to 
absorb  the  nutriment  stored  up  in  it,  and  over  the  allantois  for  the 
purpose  of  depuration  and  renovation  by  the  fluids  absorbed  by 
the  chorion  from  the  decidua.  After  some  time,  however,  the  ven- 
tricle is  divided  by  a  septum,  and  the  auricle  also  to  a  certain 
degree;  the  umbilical  vesicle  being  exhausted,  and  the  placenta 
being  substituted  for  the  allantois,  the  embryo  derives  its  nourish- 
ment from  the  circulatory  fluid  of  the  mother ;  the  three  or  five 
arches  to  which  the  bulbus  aorticus  gave  rise  are  transformed  into 
the  bloodvessel  distribution  of  the  adult;  the  blood  returned  from 
the  placenta  is  sent  nearly  unmixed  by  the  foramen  ovale  to  the 
left  auricle,  left  ventricle,  and  thence  to  the  head ;  while  the  sys- 
temic blood  is  directed  into  the  right  ventricle,  ductus  arteriosus, 
and  descending  aorta,  thence  to  be  distributed  to  the  system,  and 
to  the  placenta.  For  a  description  of  the  foetal  circulation,  we  must 
refer  to  General  Anatomy.  It  only  remains  to  notice  the  forma- 
tion of  the  liver  and  other  great  organs  of  the  body.  The  simple 
digestive  tube  already  described  is  soon  transformed  and  marked 
out  so  as  to  indicate  the  future  stomach,  small  and  large  intestines. 
At  one  spot  on  the  small  intestine  a  mass  of  cells  is  seen  to  be 
formed,  with  a  central  cavity  or  coscum  communicating  with  the 
digestive  tube;  this  is  gradually  elongated  and  developed  so  as  to 
form  the  biliary  duct,  while  the  same  process  is  continually  re- 
peated in  it,  and  bloodvessels  distributed  through  the  mass,  until 
the  liver  is  formed.  The  pancreas,  salivary  glands,  and  lungs  are 
developed  by  a  repetition  of  the  same  process.  The  kidneys  are 
preceded  by  two  peculiar  bodies,  known  as  the  corpora  Wolffiana; 
these  commence  as  prolonged  tubes  lying  on  each  side  of  the  ver- 
tebral column,  being  gradually  furnished  with  numerous  ccecal 
appendages,  and  secreting  a  fluid  which  they  discharge  into  the 
uro-genital  sinus  which  communicates  -with  the  allantois  by  means 
of  the  urachus.     Behind  them,  the  kidneys  are  developed  from  a 
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mass  of  blastema;  at  first  distinctly  lobulated,  they  gradually  attain 
the  character  which  they  have  in  after  life;  as  they  are  developed 
the  Wolffian  bodies  are  atrophied,  leaving  finally  only  the  rudi- 
ment which  descends  with  the  testis  into  the  scrotum,  the  excretory 
duct  of  each  constituting  the  vas  deferens.  For  all  further  account 
of  the  development  we  must  refer  to  General  Anatomy;  our  object 
here  is  not  so  much  to  give  a  detailed  account  of  the  development 
of  the  foetus,  as  to  illustrate  the  action  of  organic  or  formative  force 
in  bringing  almost  shapeless  matter  into  the  likeness  of  the  human 
form  divine.  In  the  deficiency  of  any  one  of  the  conditions  already 
named  as  essential  for  vital  action  we  have  corresponding  deviation 
in  the  resulting  foetus;  and  here,  as  also  in  the  arrest  of  development, 
are  we  to  look  for  the  explanation  of  the  anomalies  and  monstrosi- 
ties so  often  presented.  In  fact,  no  more  convincing  proof  could  be 
adduced  of  the  regular  action  of  the  laws  of  vitality,  and  of  repro- 
duction in  particular,  than  the  recent  classification  and  reduction 
to  system  of  these  very  monstrosities.  As,  too,  an  imperfect  being 
can  only  produce  an  imperfect  plasma,  we  have  explained  the  fact 
of  hereditary  transmission  of  disease,  a  fact  inexplicable  on  the 
hypothesis  that  our  organisms  are  the  results  of  the  action  merely 
of  the  ordinary  imponderable  agents. 
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Hitheeto  we  have  considered  the  constituents  of  the  animal 
organism,  the  proximate  principles  which  are  found  therein,  their 
products  of  decomposition,  and  the  modes  of  their  entrance  into, 
and  exit  from  the  economy.  We  have  studied  the  arrangements 
of  the  organs,  and  the  results  of  their  actions.  We  have  not,  how- 
ever, hereby  studied  Physiology;  we  have  only  learned  the  appa- 
ratus, the  tools,  the  mechanism  by  means  of  which,  and  in  which, 
nature  guides  the  series  of  processes  which  we  call  Life.  We  must 
look  further,  and  seek  to  investigate  the  forces  which  control  and 
act  through  this  mechanism.  In  this  effort,  however,  we  are  met 
by  the  difficulty  that  the  source  of  these  forces,  as  well  as  the  evi- 
dences of  their  subsequent  action,  is  to  be  sought  in  the  organism 
itself;  so  that  in  the  living  body  we  have  presented  the  phenomenon 
of  a  machine  which  organizes  itself  from  materials  furnished  to  it, 
produces  the  forces  necessary  for  its  action,  repairs  its  own  waste, 
and  provides  for  the  creation  of  similar  machines;  finally  ceasing 
to  act,  and  restoring  the  material  appropriated  by  it  when  the 
original  cause  of  the  action  is  exhausted,  or  when  it  is  checked  by 
some  countervailing  force.  Are  the  ordinary  forces  of  nature  ade- 
quate to  this  task?  We  can  observe  their  action  in  organic  bodies, 
and  have  seen  that  it  is  precisely  analogous  to  their  action  in  the 
inorganic  world,  allowance  being  made  for  the  difference  in  the 
substances  acted  upon ;  but  in  all  the  phenomena  of  life  there  is  a 
difference,  real  and  essential,  which  shows  itself  even  in  the  term 
vital,  as  applied  to  distinguish  them  from  the  ordinary  results  of 
natural  forces.  Can  the  latter  form  an  organic  cell,  endowed  with 
the  properties  of  nutrition,  development,  secretion,  excretion,  and 
reproduction  ?  No  one  pretends  ever  to  have  seen  a  single  instance 
in  which  this  has  occurred.  And  yet  we  are  told  that  it  is  unphi- 
losophical  to  suppose  that  when  all  known  causes  are  insufficient 
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to  account  for  a  series  of  phenomena,  there  must  be  some  other 
cause  still  unknown  which  produces  them.  If  none  but  the  ordi- 
nary forces  of  nature  are  concerned  in  the  production  of  life-pheno- 
mena, why  do  we  find  that,  suddenly  or  slowly,  without  the  appre- 
ciable diminution  of  any  one  of  these  forces,  the  whole  of  these 
phenomena  cease,  and,  instead  of  them,  the  ordinary  results  of  the 
action  of  these  forces  take  place?  When  we  find  a  certain  series  of 
phenomena  taking  place  in  a  fixed  sequence,  and  capable  of  being 
formularized  into  certain  laws,  we  infer  that  there  must  be  a  certain 
force  which  produces  them;  this  is  pre-eminently  the  case  with 
life-phenomena.  It  would  have  been  less  irrational  and  unphilo- 
sophical  to  have  maintained,  in  the  days  of  the  alchemists,  that  no 
such  force  as  chemical  affinity  could  exist,  because  its  laws  were 
very  imperfectly  known,  than  to  insist,  at  the  present  day,  that 
vital  force  is  an  unnecessary  assumption  because  we  cannot  fully 
unravel  all  the  mysteries  of  its  action.  The  common  object  which 
all  life-phenomena  tend  to  accomplish  is,  the  maintenance  of  form 
with  the  change  of  material.  Whenever  deviations  occur  from  this, 
they  are  the  consequences  of  external  influences;  and  death  is  no- 
thing more  than  the  cessation  of  this  process.  Other  general  laws 
of  life  might  be  adduced,  as  the  one  previously  referred  to,  that  the 
structure  of  organs  corresponds  closely  with  their  function — or  the  one, 
that  each  individual  seeks  to  repeat  the  type  of  the  parent;  but  the  dis- 
cussion of  these  points  is  foreign  to  the  object  of  this  work,  and 
we  think  that  sufficient  has  been  said  to  convince  any  thinking 
man  that  the  supposition  of  a  vital  force  is  not  unnecessary ;  and 
that  it  acts  uniformly  in  accordance  with  definite  laws.  It  is  not 
the  sole  cause  of  the  operations  of  the  organism,  but  acts  in  it  with 
the  other  forces  which  act  everywhere  throughout  nature,  and  con- 
trolling them  in  the  same  sense  as  magnetism  may  be  said  to  control 
the  gravity  of  a  piece  of  iron  suspended  to  a  magnet. 

The  phenomena  of  life  presented  for  our  consideration  in  the 
human  organism  may  be  arranged  in  three  classes,  viz :  those  of 
vegetativity,  animality,  and  spirituality.  Those  of  the  first  are 
common  to  all  organic  nature,  vegetable  as  well  as  animal ;  those 
of  the  second  are  peculiar  to  animals ;  while  the  consideration  of 
the  third  class  belongs  to  metaphysics. 

The  phenomena  of  organic  life,  or  vegetativity,  are  nutrition, 
secretion,  excretion,  reproduction,  and  irritability/  These  take 
place  by  the  agency  of  the  organic  cell,  under  the  conditions  men- 
20 
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tioned  in  the  Introductory  Essay  of  Dr.  Jackson,  viz:  when  there 
are  present  a  sufficient  supply  of  germ  force,  heat,  oxygen,  and  the 
proper  plasma  or  organizable  material.  The  deficiency  or  absence 
of  any  one  of  these  four  conditions  is  accompanied  by  other  pheno- 
mena, but  not  by  those  of  vegetativity.  The  property  of  irrita- 
bility belongs  to  all  organized  beings,  and  may  be  defined  as  that 
property  which  causes  them  to  contract  on  the  application  of  appro- 
priate stimuli;  it  must  be  distinguished  from  muscular  contract- 
ility, and  from  sensibility,  which  imply  the  action  of  special  organs, 
and  are  properties  only  of  animal  tissues.  The  remaining  phe- 
nomena of  vegetativity  are  fully  discussed  by  Dr.  Lehmann. 

The  phenomena  of  animality  occur  only  in  the  animal  kingdom, 
and  may  be  divided  into  general  and  special.  The  first  class  con- 
sists of  the  phenomena  of  sensibility,  which  depend  upon  an  irrita- 
tion communicated  to  the  nerves  supplying  the  tissues  which  then 
cause  them  to  contract ;  this  property  of  the  tissues  gives  rise  to 
their  tonicity.  It  is  probable  that  we  are  to  seek  in  the  sympathetic 
system  for  the  source  of  this  property  as  well  as  (in  some  measure) 
for  that  of  the  chemical  actions  which  take  place  in  the  animal 
body.  That  the  sympathetic  system  influences  materially  the  che- 
mical processes  seems  to  be  indicated  by  the  results  of  numerous 
vivisectional  experiments.  The  special  phenomena  of  animality 
may  be  arranged  under  the  heads  of  Muscular  Contraction,  Volition, 
Voice,  Hearing,  Vision,  Smell,  Taste,  and  Touch.  For  each  of 
these  a  special  apparatus  is  required,  the  structure  of  which  is 
learned  from  General  Anatomy ;  we  now  enter  upon  the  considera- 
tion of  them  individually. 

Muscular  Contraction. 
The  muscles  of  animals  are  divided  into  two  classes,  the  voluntary 
or  muscles  of  animal  life,  and  involuntary,  or  muscles  of  organic  life. 
These  differ  in  their  structure  as  well  as  in  their  function:  thus  cor- 
responding with  the  general  law  already  alluded  to.  The  nervous 
system  may  be  divided  into  the  cerebral,  cerebro-spinal,  and  gan- 
glionic systems,  each  of  which  has  its  special  functions :  the  cere- 
bral system,  consisting  of  the  cerebral  hemispheres,  seems  to  be  the 
instrument  of  the  intellectual  faculties;  the  cerebro-spinal,  consisting 
of  the  cerebellum,  medulla  oblongata,  and  spinal  marrow,  regulates 
muscular  action ;  and  the  sympathetic  (closely  connected,  however, 
with  the  cerebro-spinal),  presides  over  the  various  organic  move- 
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ments.  From  this  it  will  be  seen  that  muscular  contraction  seems 
to  depend,  in  the  living  body,  upon  the  action  of  the  cerebro-spinal 
axis.  When  an  impression  is  made  upon  a  surface,  intelligence 
of  it  (so  to  speak)  is  conveyed  to  the  nerve  centres  corresponding 
with  the  surface,  by  means  of  the  nervous  communication,  when  an 
influence  is  immediately  sent  to  the  muscles  of  the  part,  deter- 
mining their  action.  Supposing  a  nerve  to  be  destined  for  each  of 
these  functions,  the  one  performing  the  first  would  be  called  the 
afferent  or  excitor  nerve;  the  other,  the  efferent  or  motor  nerve. 
The  existence  of  this  circuit  (so  to  speak)  is  clearly  proved  by 
vivisections,  and  the  muscular  contractions  are  more  striking  when 
the  influence  of  the  will  is  removed.  The  seat  of  the  sensation 
seems  to  be  in  the  posterior  columns  of  the  spinal  marrow,  and 
that  of  the  motor  force  in  the  anterior  columns.  In  all  cases,  the 
ganglia,  composed  of  gray  neurine,  seem  to  be  the  originators  of 
nerve-force,  the  tubules,  composed  of  white  neurine,  acting  merely 
as  its  conductors,  and  as  commissures  to  the  ganglia,  promoting 
their  consentaneous  action.  The  performance  of  the  functions 
necessary  to  life  depends  upon  the  conveyance  to  the  different 
organs  of  the  force  necessary  to  direct  and  control  their  actions. 
If  anything  prevents  this  conveyance  from  the  proper  centre,  as 
the  interruption  of  the  communication,  or  of  the  generation  of  the 
requisite  force,  death  results.  Thus,  injury  of  the  respiratory  tract 
of  the  medulla  oblongata,  or  section  of  the  pneumogastric  nerves 
on  both  sides,  destroys  life  by  putting  a  stop  to  respiration.  The 
apparatus  is  perfect,  but  the  force  is  wanting  to  set  it  in  motion. 
Puncture  of  the  medulla  oblongata  at  the  point  of  the  calamus 
scriptorius,  is  also  followed  by  instantaneous  death. 

The  division  of  muscles  into  voluntary  and  involuntary,  cannot  be 
strictly  maintained :  for  the  will  is  not  without  influence  over  the  con- 
traction of  involuntary  muscles,  and  further,  the  voluntary  muscles 
often  act  independently  of  the  will.  A  marked  difference  occurs  in 
their  mode  of  contraction  :  in  voluntary  muscles  parallel  bundles  of 
fasciculi  contract  alternately,  while  in  involuntary,  the  contraction 
occurs  consecutively,  as  in  the  peristaltic  contraction  of  the  mus- 
cular coat  of  the  intestine.  The  phenomena  of  muscular  contrac- 
tion on  the  application  of  galvanic  stimuli  are  still  too  little  inves- 
tigated to  allow  of  our  giving  here  any  account  of  them.  Much 
light  has  recently  been  thrown  upon  them,  but  much  still  remains 
to  be  cleared  up.     The  amount  of  muscular  force  expended  daily 
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in  maintaining  the  various  functions  of  the  economy  has  been 
already  alluded  to  by  Dr.  Jackson ;  and  the  structure  of  muscular 
tissue,  the  chemical  changes  occurring  in  connection  with  its  activ- 
ity, are  fully  discussed  by  Dr.  Lehmann. 

Volition. 
The  phenomena  connected  with  this  subject  are  too  complicated, 
and  too  closely  associated  with  the  phenomena  of  intellect,  to  per- 
mit our  entering  upon  them  in  this  connection:  they  lie  beyond 
the  aim  of  the  present  work.  Suffice  it  to  say  that  they  embrace 
the  reception  of  the  impressions  made  by  the  outer  world  upon  our 
senses,  the  action  of  the  mind  upon  these  impressions,  and  the  con- 
sequent determination  of  the  individual. 

Voice. 
The  voice  is  produced  in  the  larynx  by  means  of  the  vibration 
of  the  vocal  chords.     For  a  description  of  the  mechanism  of  the 

Fig.  34. 


_  Bird's-eye  view  of  Larynx  from  above  :— g,  e,  h.  The  thyroid  cartilage,  embracing  the 
ring  of  the  cricoid  r,  u,  x,  w,  and  turning  upon  the  axis  x  z,  which  passes  through  the 
lower  horns,  not  visible  from  above,  n,  f,  n,  f.  The  arytenoid  cartilages,  connected  by  the 
arytenoideus  transversus.  t,  v,  t,  v.  The  vocal  ligaments,  n,  x.  The  right  crico-arytenoideus 
lateralis  (the  left  being  removed),  v,  k,f.  The  left  thyro-arytenoideus  (the  right  being  re- 
moved),    n,  I,  n,  I.  The  crico-arytenei  postiei.    b,  b.  The  crico-arytenoid  ligaments. 

larynx  we  must  refer  the  reader  to  descriptive  anatomy  :  suffice  it 
to  say,  that  experiments  have  clearly  demonstrated  the  fact  that 
sounds  may  be  produced  by  instruments  resembling  the  larynx  in 
construction :  i.  e.  with  chords  or  membranes  so  extended  that  a 
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current  of  air  shall  be  made  to  pass  between  them,  the  tone  pro- 
duced depending  upon  the  tension  and  elasticity  of  the  chords,  as 
well  as  their  length  and  thickness.  The  vocal  chords  are  com- 
posed of  yellow  elastic  tissue,  and  as  we  possess  no  substance  of 
equal  elastic  properties,  we  cannot  construct  an  artificial  larynx 
with  a  scale  equal  to  the  human  larynx:  an  approximation  has 
however  been  obtained  by  Mr.  Willis,  as  follows : — 


Artificial  glottis. 

"  A  wooden  pipe  of  the  form  a  should  be  prepared,  having  a  foot 
0,  like  that  of  an  organ  pipe,  and  an  upper  opening,  long  and  nar- 
row, as  at  B,  with  a  point  A,  rising  at  one  end  of  it.  If  a  piece  of 
leather,  or,  still  better,  of  sheet  India  rubber,  be  doubled  round  this 
point  and  secured  by  being  bound  round  the  pipe  at  D,  with  strong 
thread,  as  in  6,  it  will  give  us  an  artificial  glottis  with  its  upper 
edges  G,  ff,  which  may  be  made  to  vibrate  or  not  at  pleasure,  by 
inclining  the  planes  of  the  edges :  a  couple  of  pieces  of  cork,  F,  F, 
may  be  glued  to  the  corners  to  make  them  more  manageable. 
From  this  machine  various  notes  may  be  obtained  by  stretching 
the  edges  in  their  length  G,  S:  the  notes  rising  in  pitch  through 
the  length  of  the  vibrating  edges  is  increased."— Articulation  is  the 
result  of  the  modification  of  the  sounds  produced  in  the  larynx  by 
means  of  the  different  parts  of  the  oral  cavity. 

Hearing. 
This  may  be  defined  to  be  the  cognizance  taken  by  a  peculiar 
nerve-structure  of  the  vibrations  or  undulations  constituting  sound. 
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For  the  performance  of  this  function,  a  special  apparatus  is  neces- 
sary, varying  in  its  structure  and  complexity  with  the  degree  of 
perfection  required.  The  anatomy  of  the  human  ear  may  be  de- 
scribed as  follows:  The  organ  of  hearing  is  composed  of  three 
parts,  the  external,  middle,  and   internal  ear.     The  external  ear 

Fig.  36. 


General  view  of  the  external,  middle,  and  internal  Ear,  as  seen  in  a  prepared 
section  through  or,  the  auditory  canal,  b.  The  tympnnuin,  or  middle  ear.  c.  Eustachian 
tube,  leading  to  the  pharynx,  d.  Cochlea;  and  e.  Semicircular  canals  and  vestibule,  seen 
on  their  exterior,  as  brought  into  view  by  dissecting  away  the  surrounding  petrous  bone. 
The  styloid  process  projects  below  ;  and  the  inner  surface  of  the  carotid  canal  is  seen  above 
the  Eustachian  tube. 

consists  of  a  cartilaginous  and  fibrous  tube,  widely  spread  exter- 
nally and  thrown  into  various  curves  and  converging  into  the 
meatus  auditorius  internus  in  such  a  manner  as  to  collect  and  con- 
vey the  sonorous  vibrations  towards  the  membrana  tympani 
which  separates  the  external  from  the  middle  ear.  The  latter  is 
comprised  in  the  tympanic  cavity,  and  is  contained  (as  also  the 
internal  ear)  in  the  petrous  portion  of  the  temporal  bone.  It  is 
limited  by  the  membrana  tympani,  the  walls  of  the  tympanum,  and 
the  fenestra  rotunda  and  the  fenestra  ovalis — these  being  covered 
by  a  membrane ;  the  cavity  communicates  with  the  fauces  by  means 
of  the  Eustachian  tube.  It  contains  the  ossicula  of  the  ear — a  chain 
of  small  bones  articulated  together,  and  so  attached  by  means  of 
muscles  and  ligaments  to  the  membrana  tympani  and  fenestra 
ovalis,  that  the  membrana  tympani  may  be  rendered  more  or  less 
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tense  "by  their  motion,  which  is  of  the  highest  importance  in  render- 
ing the  membrane  susceptible  to  graver  or  acuter  vibrations.  The 
internal  ear  is  affected  by  the  undulations  of  the  air  in  the  tym- 


Fig.  37. 


Interior  of  the  Osseous  Labyrinth. — V.  Vestibule,  a,  v.  Aqueduct  of  the  vestibule. 
o.  Fovea  semi-elliptica.  r.  Fovea  hemispherica.  S.  Semicircular  canals.  «.  Superior, 
p.  Posterior,  i.  Inferior,  a,  a,  a.  The  ampullar  extremity  of  each.  C.  Cochlea,  a,  e.  Aque- 
duct of  the  cochlea,  s,  v.  Osseous  zone  of  the  lamina  spiralis,  above  which  is  the  scala 
vestibuli,  communicating  with  the  vestibule,     st.  Scala  tympani  below  the  spiral  lamina. 

panum  (communicated  to  it  by  the  membrana  tympani),  only 
through  the  fenestra  rotunda  and  fenestra  ovalis.  The  internal  ear 
consists  of  the  osseous  and  membranous  labyrinth  (the  latter  lining 

Fig.  38. 


A  VIEW  OF  THE  ORIGIN  AND  DISTRIBUTION  OF  THE   PORTIO   MOLLIS  OF    THE    SEVENTH   PAIR, 

or  Auditory  Nerve. — 1.  The  medulla  oblongata.  2.  The  pons  Varolii.  'A,  4.  The  crura 
cerebelli  of  the  right  side.  5.  The  eighth  pair  of  nerves.  6.  The  ninth  pair.  7.  The  auditory 
nerve  distributed  to  the  cochlea  and  labyrinth.  8.  The  sixth  pair  of  nerves.  9.  The  portio 
dura  of  the  seventh  pair.     10.  The  fourth  pair.     11.  The  filth  pair. 


312  APPENDIX. 

the  former  and  corresponding  exactly  to  it)  which  is  composed  of 
three  parts:  the  cochlea,  a  double  spiral  communicating  at  the  top 
and  opening  at  the  bottom  into  the  vestibule,  and  having  spread 
upon  the  lamina  which  separates  the  spirals,  the  fibrils  of  the 
auditory  nerve;  the  vestibule,  a  triangular  cavity  communicating 
with  the  semicircular  canals,  which,  three  in  number,  are  placed 
posteriorly ;  the  direction  of  the  latter  is  somewhat  fancifully  de- 
scribed as  being  in  three  planes  perpendicular  to  each  other.  Be- 
tween the  osseous  and  membranous  labyrinth  (except  in  the  cochlea), 
there  is  contained  a  fluid  called  the  perilymph,  and  within  the 
membranous  labyrinth  another  fluid,  the  endolymph.  It  has  been 
recently  demonstrated  that  ganglionic  cells  form  a  large  part  of  the 
nervous  tissue  distributed  over  the  cochlea,  vestibule  and  ampullse 
(or  openings  into  the  semicircular  canals);  these  are  supposed  to 
be  capable  of  receiving  impressions  from  sonorous  vibrations,  and 
transmitting  them  to  the  nervous  centres  by  the  portio  mollis.  In 
fact,  the  hypothesis  is  now  generally  received,  that  for  the  occur- 
rence of  nerve  phenomena,  whether  of  sensation  or  motion,  gan- 
glionic cells  must  exist,  both  in  the  sentient  part  and  in  the  nerve- 
centre,  whence  corresponding  action  proceeds ;  this  we  shall  see 
exemplified  also  in  the  senses  of  vision  and  touch.  The  following 
extract  from  Dr.  Jackson's  lecture  on  this  subject,  as  published  in  a 
note  to  Carpenter's  Human  Physiology,  last  edition,  p.  699,  explains 
more  satisfactorily  than  any  other  hypothesis  which  has  been  ad- 
vanced, the  functions  of  the  different  portions  of  the  internal  ear. 
He  says: — 

"  The  semicircular  canals  have  no  direct  agency  in  the  produc- 
tion of  sound  or  hearing.  They  contain  no  nervous  structure: 
no  portion  of  the  acoustic  nerve  reaches  them.  They  are  small 
appendages  to  the  vestibule,  opening  into  it  and  the  ampullse. 
The  membranous  canals,  like  the  membranous  vestibule,  are 
floated  in  a  fluid,  the  perilymph,  and  are  filled  with  a  similar 
fluid,  the  endolymph.  The  membranous  structure  constitutes  the 
essential  solid  portion  of  the  organ  of  hearing.  It  is  nowhere  in 
direct  contact  with  the  osseous  walls  of  the  corresponding  cavities 
excavated  in  the  temporal  bone.  The  perilymph  is  interposed 
between  the  membranous  vestibule,  the  semicircular  canals,  and  the 
surrounding  osseous  walls.  In  the  Petromyzon,  this  membranous 
structure  (vestibule  and  semicircular  canals)  is  contained  in  a  com- 
mon cavity,  uninclosed  in  corresponding  excavations  in  bone  sub- 
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stance.1  As  Miiller  observes,  this  is  "a  fact  of  great  physiological 
importance."  It  proves  the  membranous  portion  of  the  apparatus 
of  hearing  and  its  fluid  to  be  independent  of  the  bony  structure 
in  the  excitation  of  the  sense  of  sound  or  hearing. 

"  The  semicircular  canals  are  evidently  intended  to  perfect  the 
sense  of  hearing  or  sound,  as  executed  in  its  most  complete  mani- 
festations, in  the  higher  development  of  this  apparatus  of  sense  in 
man  and  the  superior  animals. 

"  The  hypothesis  of  Scarpa  has  been  adopted  as  the  most  plausi- 
ble in  this  point  of  view.  He  supposed  the  semicircular  canals  to 
be  intended  to  increase  the  intensity  of  the  sonorous  impressions  on 
the  acoustic  nerve,  and  thus  to  make  hearing  more  distinct.  They 
effect  this  operation  by  receiving  and  collecting  the  vibrations  of 
the  solid  parietes  of  the  cranium  transmitted  to  the  lymph-fluid, 
and  through  it  to  the  nervous  expansion  of  the  acoustic  nerve. 

"  This  hypothesis  cannot  be  entertained.  In  the  first  place,  it  is 
very  doubtful  whether  the  aerial  vibrations,  in  ordinary  hearing, 
can  or  do  communicate  vibrations  to  the  hard  parts  of  the  cranium. 
When  a  light  carriage  passes  rapidly  over  the  rough  pavement 
with  a  sharp,  rattling  noise,  if  the  ears  be  completely  closed,  not  a 
sound  is  heard ;  nor  is  a  single  note  of  a  large  orchestra  to  be  dis- 
tinguished when  the  ears  are  pressed  with  the  fingers.  When 
sound  is  attended  with  concussion,  a  noise  may  then  be  distin- 
guished, but  this  differs  from  the  ordinary  sense  of  hearing.  If 
vibrations  are  excited  in  the  solid  parts  of  the  cranium  by  sonorous 
vibrations  of  the  air,  they  are  obviously  too  feeble  to  make  an 
impression  on  the  nerves  of  sense,  and  incapable  of  reinforcing  the 
vibrations  transmitted  through  the  stapes. 

"  In  the  second  place,  vibrations,  if  excited  in  the  lymph-fluid  of 
the  semicircular  canals,  would  move  in  a  direction  the  reverse  of 
the  molecular  vibrations  of  the  lymph-fluid  of  the  vestibule  and 
ampullae,  the  real  excitors  of  the  sense  of  hearing  or  sound.  These 
vibrations  are  transmitted  through  the  fenestra  ovalis  by  the  stapes, 
and  radiate  from  that  point  in  expanding  waves  through  the  vesti- 
bular lymph-fluid  into  the  ampullae  and  semicircular  canals.  Vibra- 
tions proceeding  from  the  solid  walls  of  the  semicircular  canals, 
to  reach  the  nerve  expansions,  would  come  in  conflict  with  those 
proceeding  from  the  stapes,  and  either  interference,  and  consequent 

1  "Muller's  Physiology,"  Baly's  translation,  \rol.  ii.  p.  1288. 
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suppression  and  silence  would  ensue,  or  the  effect  of  an  echo,  or 
noise,  or  simple  sound  be  the  result.  The  hypothesis  of  Scarpa,  it 
appears  to  me,  cannot  be  sustained,  though  ably  advocated  by 
Miiller. 

"  The  hypothesis  that  assigns  to  the  semicircular  canals  the  per- 
ception of  the  direction  of  sound  does  not  merit  an  investigation. 
The  notion  of  the  direction  of  sound,  like  that  of  distance,  is  a  men- 
tal action ;  a  conclusion  to  which  the  mind  arrives,  from  certain 
phenomena  or  facts  acquired  by  experience. 

"  As  to  the  manner  in  which  the  semicircular  canals  perfect  the 
sense  of  hearing,  my  conclusion  is  the  opposite  to  that  of  Scarpa. 
Instead  of  increasing  the  sonorous  undulations  or  vibrations  of  the 
lymph  of  the  vestibule,  the  immediate  excitants  of  the  sense  of  hear- 
ing, they  serve  to  suppress  them.  They  arrest  the  waves  of  reflexion 
which  would  necessarily  occur  in  a  simple  cavity,  wholly  limited 
by  plane  surfaces,  as  the  vestibule  would  be  without  these  append- 
ages. Such  is  the  rudimentary  vestibule  or  internal  ear  of  the 
invertebrata.  The  consequence  of  reflected  undulating  vibrations, 
maintained  in  the  labyrinthic  fluid,  would  be  the  production  of 
mere  sound  or  noise  of  different  intensities.  The  perception  of  the 
immense  number  of  fine  and  delicate  tones,  and  other  qualities  of 
sound  of  which  the  ear  has  cognizance,  would  be  utterly  impossible 
in  the  confusion  of  sonorous  vibrations  in  the  fluid  of  the  labyrinth 
continuously  reflected  to  and  fro,  unless  some  provision  is  made  for 
their  suppression.  The  molecules  of  a  fluid  contained  in  a  closed 
vessel  continue  in  undulatory  vibration  until  the  impetus  exciting 
their  motion  is  expended  or  suppressed.  The  semicircular  canals 
accomplish  this  purpose.  They  are,  in  the  apparatus  of  hearing, 
what  the  pigmentum  nigrum  of  the  choroid  coat  is  in  that  of 
vision. 

"  The  two  senses  and  their  apparatus  are  homologous.  The  essen- 
tial phenomena  and  laws  of  each  are  identical.  The  knowledge  of 
those  of  the  one  sense  demonstrates  those  of  the  other.  The  condi- 
tions of  perfect  vision  and  perfect  hearing  are  the  same.  They  are, 
for  vision:  1st.  The  existence  of  separate,  independent,  sensitive 
spaces  or  sections  of  the  retina  for  distinct  images  and  perceptions 
of  visual  impressions.  Volkmann  estimates  these  to  be  0lum,0005;1 
and  others  at  0*000005  of  an  inch.2     2d.  A  single  distinct  impres- 

1  "  Annual  Report  of  the  Progress  of  Chemistry  and  Allied  Sciences,"  by  Liebig 
and  Kopp,  vol.  iii.  p.  98. 

3  "Lardner's  Handbook  of  Optics,"  p.  155. 
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sion  made  by  the  molecular  vibration  of  the  Ether — the  excitor  of 
the  sense  of  sight. 

"  The  above  conditions  are  obtained,  a,  by  the  special  anatomical 
arrangement  of  the  retina :  6,  by  the  refracting  apparatus  of  the 
globe  of  the  eye  that  concentrates  the  undulatory  rays  of  the  Ether 
proceeding  from  every  point  of  a  visual  object  on  the  distinct  sen- 
sitive points  or  spaces  of  the  retina :  c,  by  the  suppression  of  the 
undulatory  vibrations  immediately  they  have  excited  an  impres- 
sion in  the  retina,  by  the  black  pigment  of  the  choroid  coat.  Their 
reflection  from  the  exterior  surface  of  the  sclerotic  coat,  and  reite- 
rated excitement  of  the  retinal  surface,  is  in  this  way  prevented. 
In  Albinos  the  pigment  of  the  choroid  is  either  deficient  or  absent, 
and  the  consequence  is  indistinct  vision  in  daylight,  from  the 
general  excitement  of  the  retina  by  the  reflected  undulations  of  the 
Ether  occupying  the  globe  of  the  eye. 

"Similar  conditions  are  obtained  in  hearing:  1st.  By  the  auditive 
nerve  being  decomposed  into  its  separate  filaments  and  gangli- 
onic vesicles,  amounting  to  some  thousands,  and  spread  out  in  a 
manner  to  receive  single,  individual  impressions,  in  the  membra- 
nous vestibule,  ampullae,  and  on  the  lamina  spiralis  of  the  cochlea. 
2d.  By  the  molecular  undulations  or  vibrations  excited  in  the 
fluids— peri-  and  endo-lymph— by  the  sonorous  undulations  com- 
municated by  the  stapes,  occupying  the  fenestra  ovalis.  From  this 
point  they  radiate  in  expanding  waves  of  undulations,  strike  on 
and  pass  through  the  membranous  vestibule  and  ampullae,  on 
which  the  filaments  of  the  vestibular  branch  of  the  auditive  nerve 
are  arranged,  producing  a  single,  distinct  impression,  reinforced  by 
the  resonance  of  the  superimposed  otoconia,  acting  like  the  sound- 
ing board  of  the  piano,  and  exciting  a  single  and  distinct  impulse, 
and  perception  of  sound.  The  sonorous  vibration  having  thus  com- 
pleted its  office,  the  specific  excitation  of  the  sense  of  hearing  must, 
like  that  of  the  visual  vibration,  cease  or  be  suppressed.  This  oc- 
curs in  part  in  the  ampullae,  but  mostly  in  the  semicircular  canals. 

"  The  vibrations  of  the  endolymph  reaching  the  ampullae  are 
partially  broken  and  weakened  at  their  openings;  those  entering 
the  ampullae  again  expand,  losing  thereby  their  impetus,  and  either 
die  away  against  the  membranous  walls,  or  come  m  conflict  with 
the  vibrations  of  the  perilymph  on  their  exterior.  The  two  can 
scarcely  be  in  perfect  consonance  of  expansion  or  condensation, 
and  interference  ensues  by  which  they  are  suppressed.    In  this 
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mode  all  the  feebler  vibrations  are  terminated.  Those  of  greater 
force  enter  simultaneously  the  two  opposite  openings  of  the  semi- 
circular canals.  The  orifices  and  the  commencement  of  each  canal 
differ  as  to  size  and  form,  and  consequently  each  entering  wave  of 
undulatory  vibrations  is  modified,  thus  losing  their  consonance  of 
expansion,  and  when  they  meet  interference  and  suppression  result. 
Reflexion  of  sonorous  vibrations  is  completely  provided  against. 

"  Parallel  conditions  exist  in  the  cochlea.  Its  two  canals — the 
superior  scala  vestibuli,  and  the  inferior  scala  tympani — are  filled 
with  lymph-fluid  continuous  and  identical  with  that  of  the  vesti- 
bule. The  first,  the  scala  vestibuli,  according  to  the  latest  investi- 
gations of  Kolliker,1  is  the  principal  seat  of  hearing.  On  its  lamina 
spiralis  is  expanded  a  sentient,  nervous  structure,  the  recipient  of 
the  sonorous  vibrations  excitative  of  the  sense  of  hearing.  It  is 
the  homotype  of  the  retina  of  the  eye.  The  scala  tympani  furnishes 
space  for  spreading  out  the  filaments  of  the  nerve,  but  the  terminal 
extremities  pass  through  the  membranous  spiral  lamina,  to  be 
incorporated  with  the  sentient  organ  of  hearing  in  the  superior 
canal  or  scala  vestibuli.  The  filaments  of  the  inferior  canal  or  scala 
tympani  are  mere  conductors  of  the  nervous  excitement  of  the  audi- 
tive sentient  membrane.  The  scala  tympani,  similar  to  the  semi- 
circular canals,  has  no  direct  connection  with  the  production  of 
hearing.  It  is  the  homotype  of  the  semicircular  canals,  and  per- 
forms the  same  office. 

"  The  sonorous  vibrations,  starting  from  the  stapes  and  fenestra 
ovalis,  rushing  into  the  adjacent  opening  of  the  scala  vestibuli,  ex- 
cite, by  their  impulse,  the  auditory  membrane  or  retina,  spread 
over  its  lamina  spiralis,  and  reach  its  termination  where  it  opens 
into  the  scala  tympani.  Feeble  vibrations  may  subside  sponta- 
neously by  exhaustion  from  their  extension.  The  stronger  pass 
on  into  the  scala  tympani,  where  they  fade  away,  or  are  suppressed 
by  the  interference  of  vibrations  entering  the  inferior  canal  by  the 
fenestra  rotunda  from  the  tympanum.  The  condition  for  perfect 
hearing,  for  the  distinct  perception  and  appreciation  of  the  finest 
tones  and  notes,  so  that  each  vibration  shall  make  but  one,  single, 
distinct  impression,  and  then  be  suppressed,  is  thus  amply  fulfilled. 

"  Analogous  provisions  are  perceived  to  exist  in  the  tympanum, 
to  preserve  in  that  cavity  perfect  wave-systems  of  undulations, 

1  "Human  Microscopical  Anatomy,"     Da-Costa's  translation.     Note,  p.  175. 
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indispensable  to  the  perfection  of  the  sense  of  hearing.  Vibrations 
existing  in  air  contained  in  a  cavity  with  plane  walls,  would  con- 
tinue to  be  reflected  from  side  to  side,  producing  confused  sounds 
or  noise.  The  air  in  the  tympanum  is  thrown  into  vibrations  by 
impulses  of  the  membrana  tympani.  They  are  communicated  pure 
and  in  perfect  accord  to  the  membrane  of  the  fenestra  rotunda. 
This  curious  and  beautiful  result  is  effected  in  the  following  man- 
ner :  on  one  side  the  tympanum  communicates  by  numerous  open- 
ings with  the  mastoid  cells  communicating  with  one  another.  All 
the  vibrations  impinging  on  this  side  are  suppressed  in  the  mastoid 
cells.  Those  that  reach  the  opposite  side  are  swallowed  up  and 
lost  in  the  Eustachian  tube.  All  resonance  and  reflexion  of  vibra- 
tions are  suppressed,  and  the  wave-systems  of  sonorous  vibrations 
traverse  the  tympanum  undisturbed,  enter  with  augmented  force 
the  lymph-fluid  of  the  scala  tympani,  and  meet  the  corresponding 
undulations  coming  from  the  scala  vestibuli,  from  which  both  sys- 
tems are  suppressed  by  interference. 

"  In  the  '  Annual  Keport'  by  Justus  Liebig  and  H.  Kopp,  vol.  iii. 
p.  53,  is  the  following  observation :  'It  is  certain  that  the  ear  is 
capable  of  receiving  and  distinguishing  many  notes,  the  vibrations 
of  which  reach  it  simultaneously.  As  the  atmospheric  particles 
which  convey  the  various  wave-systems  to  the  ear  can  never  receive 
from  them  more  than  one  resulting  motion,  it  follows  necessarily 
that  the  ear  possesses  the  power  of  distinguishing  in  this  resulting 
motion,  the  periods  of  the  component  wave-trains.  For  the  present 
we  are,  however,  unable  to  explain  upon  what  this  power  depends.' 

"The  preceding  theory  furnishes  an  explanation  of  the  above 
problem,  considered  as  inexplicable  by  Liebig  and  Kopp,  in  1852. 
It  demonstrates  the  manner  in  which  the  wave-systems  of  sonorous 
vibrations  pass  through  the  fluid  of  the  labyrinth  undisturbed,  pre- 
serving their  relations  to  each  other  and  their  special  qualities  of 
sound.  Each  separate  vibration  of  the  molecules  of  the  lymph- 
fluid  are  shown  to  produce  a  special,  distinct  impression  on  the 
nerve  structure,  and  excite  a  corresponding  perception  of  sound. 

"The  small  space  through  which  the  vibrations  pass,  and  the 
rapidity  of  their  movements  in  fluids,  cause  the  impressions  they 
make  on  the  nervous  sentient  organ,  and  the  perceptions  they  ex- 
cite, to  appear  as  an  instantaneous  act.  .The  mind  has  cognizance 
of  them,  however  diversified  they  may  be,  as  a  unity  of  sounds 
simultaneously  instant  in  action:  whence  it  forms  the  compound 
idea  of  a  perfect  harmony. 
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"An  analogous  phenomenon  occurs  in  vision.  When  a  body 
composed  of  different  forms  and  colors  is  presented  to  the  eye,  as  a 
bouquet  of  flowers,  a  landscape,  or  picture,  each  different  form, 
color,  tint  and  shading,  are  perceived  blended,  but  perfect  and  dis- 
tinct, forming  the  image  of  a  single  object.  Yet  thousands  of  Ether 
vibrations  are  traversing  the  eye,  and  are  exciting  each  a  separate, 
distinct  impression,  without  confusion,  on  the  retina,  and  as  many 
distinct  and  separate  perceptions,  from  which  a  corresponding  com- 
pound idea  of  a  single  object  is  formed  by  the  mind." 


Fig.  39. 


7 


Vision. 

This  may  be  defined  to  be  the  impression  made  upon  the  retina 
by  rays  of  light,  or  undulatory  luminous  vibrations  excited  in  the 

all-pervading  aether.  The  mechanism 
of  the  eye  is  so  constantly  presented 
in  all  works  upon  Optics  and  Anato- 
my, that  we  think  it  unnecessary  to 
introduce  it  here,  but  will  enter  at 
once  upon  the  consideration  of  the 
function  of  the  retina.  Here,  as  in  the 
ear,  we  find  a  special  nervous  appara- 
tus provided  for  the  performance  of  a 
special  function,  i.  e.,  recognition  of 
luminous  impressions.  We  find  the 
fibrils  of  the  optic  nerve,  after  its  en- 
trance into  the  globe  of  the  eye,  forming 
a  plexus  over  the  interior  surface  of  the 
choroid  coat ;  between  this  plexus  and 
the  choroid  coat  there  exists  a  layer  of 
ganglionic  cells  similar  to  those  of  the 
encephalon,  and  upon  these  again  a 
granular  and  fibrous  layer;  while 
finally  upon  the  latter  are  found  the 
"rods"  and  "cones"  of  the  membrana 
Jacobi.  These  are  in  connection  with 
the  granular  cells  by  means  of  pro- 
longations or  fibrils,  which  again  ex- 
tend as  far  as  the  ganglionic  cells. 
The  "rods"  and  "cones"  are  so  placed 
that  the  rays  of  light  reaching  the  retina  strike  vertically  upon 


Vertical  Section  op  Retina  op 
the  Human  Eye. — 1.  Basilar  layer. 
2.  Outer  layer,  granular.  3.  Interme- 
diate, fibrous  layer.  4.  Inner  granu- 
lar layer.  5.  Finely  granular  gray 
layer.  6.  Layer  of  nerve-cells.  7. 
Layer  of  fibres  of  optic  nerve.  8. 
Limitary  membrane. 
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them  in  the  direction  of  their  long  axis,  and  a  close  correspondence 
is  said  to  exist  between  their  diameter  and  that  of  the  smallest  ob- 
ject perceptible  by  the  eye.     Be  this  as  it  may,  their  absence  from 
that  point  of  the  retina  where  the  optic  nerve  enters  the  eye  which 
is  comparatively  insensate  to  light,  together  with  .their  abundance 
in  the  "yellow  spot  of  Soemmering"  (yellow  from  the  deficiency  of 
the  granular  layer  which  allows  the  choroid  partially  to  appear), 
where  vision  is  most  intense,  renders  it  probable  that  they  are  the 
immediate  agents  of  the  perception  of  light.     As  in  the  ear  we  have 
provision  made  for  the  suppression  of  the  sonorous  undulations 
when  the  effect  has  been  produced  upon  the  acoustic  nerve,  so  also 
in  the  eye,  the  choroid  coat,  with  its  black  pigment-cells,  absorbs 
the  luminous  undulations  as  soon  as  they  have  acted  upon  the  optic 
nerve.     The  iris  acts  as  a  diaphragm,  allowing  only  a  certain  quan- 
tity of  luminous  rays  to  pass  through  it;  it  is  essentially  a  sphinc- 
ter muscle,  containing  two  sets  of  contractile  fibre-cells,  an  internal 
circular  and  external  radiating  layer.     The  adaptation  of  the  eye  to 
the  perception  of  objects  at  different  distances  is  effected  by  the 
movement  of  the  lens;  actual  experiments  have  proved  that  the 
extent  of  motion  required  hardly  exceeds  one  line. 


Fig.  40. 


Smell. 

This  is  the  perception  of  odors  by 
means  of  the  olfactory  nerve.  The  im- 
mediate nerve  structure  instrumental  in 
this  perception  has  not  been  so  thoroughly 
investigated  as  that  of  the  other  sensory 
organs;  the  only  difference  clearly  esta- 
blished is,  that  the  nerve-fibres  resemble 
more  the  gelatiniform  nerve-fibres  than 
the  ordinary  fibres.  The  portions  of  the 
nasal  cavity  upon  which  they  are  distri- 
buted are  lined  with  a  peculiar  sepia-brown 
tessellated  epithelium. 

Taste. 

This  is  the  function  of  certain  nervous  structures  distributed 
principally  upon  the  surface  of  the  tongue ;  their  construction  has 
not  been  clearly  made  out,  but  is  probably  closely  allied  to  that  of 


Fibres   of  ultimate   ramifica- 
tions of  Olfactory  Nerve  of  Dog. 
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the  tactile  corpuscles,  as  the  papillae  in  which  they  are  contained 
closely  resemble  those  of  the  skin.  This  special  sense  seems  to 
stand  in  an  intermediate  position  between  smell  and  touch  ;  but 
many  phenomena  prove  that  it,  is  not  to  be  confounded  with  them, 
such  as  the  obliteration  of  one,  while  the  other  is  maintained,  &c. 

Touch. 
The  structure  which  has  for  its  object  our  acquaintance  with  the 
form,  resistance,  &c,  of  external  bodies,  is  not  confined  to  a  small 

portion  of  the  body,  but  is  dis- 
tributed over  its  whole  surface, 
more  or  less  closely.  In  those 
parts  which  possess  this  sense 
in  a  higher  degree,  as  the 
palms  of  the  hands,  the  lips, 
&c,  we  find  papillae,  which,  in 
addition  to  bloodvessels,  con- 
tain nervous  loops,  and  also 
peculiar  ovoid  bodies,  called 
"  axile  corpuscles,"  which  pos- 
sess (according  to  some)  gray 
ganglionic  vesicles  or  cells; 
this  is,  indeed,  denied  by  some 
eminent  microscopists,  who 
consider  the  axile  corpuscles  as  nothing  more  than  a  thickened 
neurilemma ;  at  all  events  a  peculiar  development  of  nerve-tissue 
is  found  here,  which,  probably,  gives  rise  to  the  sensations  com- 
municated by  the  nerves  to  the  nerve-centres ;  thus  showing  an 
analogy  with  the  facts  found  relatively  to  the  transmission  of  lumi- 
nous and  sonorous  vibrations. 


Vertical  Section  of  Skin  of  Finger  (palmar 
surface),  treated  with  caustic  soda. — a,  b.  Cuta- 
neous nerves,  forming  a  terminal  plexus,  and 
finally  passing  into  the  papillce  c,  c,  c. 
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Absorption,  see  Digestion,  247;  laws  of, 
of  gases,  with  reference  to  respiration, 
272  ;  by  the  bloodvessels,  247  ;  by  the 
lymphatics,  248. 

Acetamid,  64. 

Acetic  acid,  62,  66 ;  in  fluid  of  muscles, 
218;  in  leuchaemic  blood,  148;  in  the 
sweat,  184. 

Acetone,  see  Cetones,  63. 

Acid,  free,  importance  of,  in  tissue  meta- 
morphosis, 241 ;  in  the  gastric  fluid, 
167  ;  in  the  urine,  192. 

Acids,  organic,  non-nitrogenised,  62. 

paired,  conjugate,  nitrogenised,  87; 

non-nitrogenised,  78. 

Acrylic  acid,  73. 

Adipic  acid,  72. 

Adipocire,  239. 

Alanin,  76. 

Albumen,  white  of  egg,  see  Fluids  of  ovum, 
161. 

Albumen,  105,  107:  absorption  of,  in  the 
intestines,  255:  coagulation  of,  106,  107: 
constitution  of,  theoretical,  unknown, 
102:  digestibility  of,  see  Digestion,  257: 
importance  of,  physiological,  108;  in  tis- 
sue metamorphosis.  235:  mode  of  occur- 
rence of,  108;  in  the  bile,  171;  blood, 
139;  chyle,  149;  excrements.  182;  fluids 
of  muscles,  218;  fluids  of  ovum,  160,161; 
intestines,  177;  lymph,  150;  milk,  157; 
mucus,  163;  pus,  227;  saliva,  165;  se- 
rum, 139;  transudations,  152;  ui-ine, 
194:  physiological  relations  of,  108,  235; 
products  of  decomposition  of,  103 :  proper- 
ties of,  102,  107:  source  of,  108;  transu- 
dation of,  conditions  of,  152. 

Albuminates,  see  Histogenetic  Substances, 
102. 

Albuminuria,  194. 

Alcohols,  93. 

Aldehyds,  63;  of  the  benzoic  acid  group, 
75;  of  the  butyric  acid  group,  63. 

Alkali,  action  of,  in  the  blood,  see  Tissue 
metamorphosis,  243. 

Alkalies,  carbonates  of  the,  119;  in  the 
bile,  170;  blood,  142;  fluids  of  ovum, 
21 


161:  lymph,  150;  milk,  157;  transuda- 
tions, 154;  urine,  193:  lactates  of  the, 
in  the  chyle,  194;  lymph,  150;  transu- 
dations, 154:  phosphates  of  the,  118; 
origin  of,  118;  mode  of  occurrence  of, 
119;  in  the  blood,  126,  133;  chyle,  149; 
lymph,  150;  milk,  157;  saliva,  164; 
transudations,  154;  urine,  191:  sul- 
phates of  the,  121;  in  the  blood,  142; 
bones  of  fishes  and  reptiles,  205  ;  lymph, 
150;  urine,  191. 

Alkaloids,  volatile,  80;  theoretical  com- 
position of,  60. 

Allantoin,  82,  86. 

Allantois,  the,  301;  use  of  the,  301. 

Ambrin,  96. 

Amides,  64  ;  of  the  benzoic  acid  group,  75. 

Ammonia,  bases  of  the  type  of,  60,  80. 

Ammonia,  salts  of,  121,  122;  in  the  blood, 
142;  exudations,  120;  gastric  fluid,  168: 
lymph,  150;  sweat,  184;  transudations, 
154;  urine,  187,  195:  urate  of ,  92. 

Amnion,  fluid  of  the,  see  Transudations, 
151. 

Anaemia,  blood  of,  146,  147;  urine  of,  199. 

Anilin,  60,  81. 

Animal  heat,  see  Temperature. 

Anisic  acid,  74. 

Areolar  tissue,  see  Connective  tissue. 

Arsenic,  121. 

Arthritis,  blood  in,  141,  148;  chalk-stones 
of,  92. 

Ashes,  analyses  of,  115. 


B 


Bases,  non-nitrogenised,  92 ;  nitrogenised, 
79. 

Benzoglycic  acid,  78. 

Benzoic  acid,  74,  75;  group,  74;  reap- 
pearance of,  as  hippuric  acid,  in  the 
urine,  193  ;  in  the  sweat,  185. 

Benzole,  hydruret  of,  74. 

Bezoars,  182. 

Bile,  the,  169:  amount  secreted,  171;  de- 
pendent upon  disease,  172  ;  the  kind  and 
quantity  of  food,  172;  medicines,  172; 
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coloring  matters  of ',  170:  composition  of, 
quantitative,  170;  normal,  169;  abnor- 
mal, 171  :  concretions,  171:  formation  of, 
in  the  liver,  173 :  function  of,  1 72 ;  acting 
on  the  chyme,  172;  antacid,  172;  anti- 
septic, 172;  furthering  fat-absorption, 
173  :  mode  of  obtaining,  169  :  properties 
of,  169;  pathological,  171. 

Bile-acids,  see  Glycocholic  acid. 

Bile-pigment,  100,  170  ;  in  the  blood,  141 ; 
in  the  intestines,  178,  181 ;  in  transu- 
dations, 153 ;  in  the  urine,  195 ;  in 
vomit,  180. 

Biliary  concretions,  171. 

Bilifulvin,  101,  171. 

Bilin,  see  Taurocholic  acid,  87,  90. 

Biliverdin,  100. 

Blood,  the,  124:  alkali  in,  243;  action  of, 
on  the  carbohydrates,  243  ;  fats,  244 ; 
organic  acids,  243  ;  protein  bodies,  244 : 
analysis  of,  126,  142;  determination  of 
the  dried  corpuscles,  143  ;  of  the  moist, 
144 ;  of  the  other  constituents,  145 : 
capacity  for  heat  of,  124:  clot,  coagulum, 
136;  form  and  consistence,  124,  137: 
coagulation  of  the,  124,  135  ;  circum- 
stances influencing,  124,  136:  color  of 
the,  depending  upon  chemical  condi- 
tions, 130 ;  shape  of  the  corpuscles, 
128;  thickness  of  cell-membranes,  129; 
suspended  molecules,  130:  composition, 
quantitative,  of  the,  126 ;  under  different 
circumstances,  145 ;  age,  145 ;  during 
digestion,  146;  in  different  classes  of 
animals,  146;  in  different  vessels,  146  ; 
in  disease,  147;  anaemia,  146,  147; 
arthritis,  148;  Bright's  disease,  147; 
carcinoma,  148;  chlorosis,  147;  cholera, 
147;  diabetes,  148;  dysentery,  147;  ex- 
anthemata, 147;  inflammation,  147; 
leuchscmia,  148;  plethora,  147;  puer- 
peral fever,  147;  pyaemia,  148;  rheu- 
matism, scorbutus,  tuberculosis,  148; 
typhus,  urcemia,  147 ;  yellow  fever, 
147;  pregnancy,  145;  sex,  145;  starva- 
tion and  loss  of  blood,  145:  constituents 
of  the,  chemical,  126,  138;  mechanic- 
ally separable,  125,  131  ;  morphotic, 
12-">;  corpuscles,  colorless,  125,  135:  red, 
125;  cell-membranes  of,  131;  constitu- 
ents of,  chemical,  126,  132;  fats,  133; 
gases,  134;  hsematin,  133;  hajinato- 
crystallin,  132;  iron,  134;  mineral — of, 
13*3;  mode  of  combination  of  gases  of, 
134;  physical  properties  of,  127;  pro- 
portion of,  to  blood,  132,  143;  shape 
and  changes  of,  125,  127;  specific  gra- 
vity of,  127;  "tendency  to  sink"  of, 
127;  depending  partly  on  spec.  grav. 
of,  127;  partly  upon  the  "rolling,"  127  ; 
different  in  different  kinds  of  blood,  128 ; 
proportion   of,   to  intercellular   fluids, 


132:  definition  of,  124:  dichroism  of 
venous,  130:  fibrin  of,  126,  135;  pro- 
portion in  blood,  126,  138:  fibrinous 
flakes,  135:  intercellular  fluid,  liquor  san- 
guinis, 125:  inflammatory  crust,  buffy 
coat,  137:  nutrition,  influence  of,  upon 
composition  of  the,  280:  odor  of,  142: 
properties  of,  124:  serum  of,  124,  126, 
138;  constituents  of,  139;  acetic  acid, 
141;  albumen,  139;  alkali  salts,  142; 
bile  acids,  141 ;  bile  pigment,  141;  car- 
bonate of  ammonia,  142;  casein,  139; 
coloring  matter,  141 ;  creatin,  creatinin, 
141 ;  fats,  139;  formic  acid,  141;  glutin, 
141;  hippuric  acid,  141;  hypoxanthin, 
141;  salts,  142;  silicic  acid,  142;  sugar, 
140;  suspended  molecules,  138;  urea, 
141;  uric  acid,  141;  water,  138:  spe- 
cific gravity  of,  124. 

Bone,  see  Osseous  tissue,  202. 

Bone  glue,  see  Glutin,  113. 

Brain,  see  Nerve  tissue,  217. 

Bright's  disease,  blood  in,  147;  transuda- 
tions in,  153;  urine  in,  194. 

Buffy  coat  of  the  blood,  137. 

Butter,  156. 

Butylamin,  81. 

Butyral,  63. 

Butyric  acid,  62,  67;  in  the  sweat,  184: 
in  the  intestines,  177;  in  the  urine,  195. 

Butyrone,  64. 


Calcium,  chloride  of,  see  Chlorides;  fluo- 
ride of,  116,  118. 

Calculi,  biliary,  171 ;  intestinal,  182  ;  sali- 
vary, 165;  urinary,  200. 

Capric  acid,  62,  67. 

Caproic  acid,  62,  67. 

Caprylic  acid,  62,  67. 

Carbohydrates,  97;  digestion  of,  250; 
importance  of,  in  tissue  metamorjmosis, 
240 ;  nutritive  value  of,  275. 

Carbolic  acid,  hydrated  oxide  of  phenyl, 
95. 

Carbonic  acid,  see  Respiration. 

Cartilage,  207. 

Cartilagin,  see  Chondrin. 

Cartilaginous  tissue,  207 ;  chemical  con- 
stituents of,  207;  histology  of,  207; 
quantitative  relations  of,  209. 

Carbohydrogens,  analogy  of,  with  the 
metals,  58;  uses,  &c.  of,  see  Fats. 

Casein,  105,  111:  mode  of  occurrence  of, 
111;  in  the  blood,  139 ;  in  the  fluids  of 
muscles,  elastic  tissue,  thymus  gland, 
connective  tissue,  111;  in  milk,  156 ;  in 
the  urine,  194;  in  the  yolk,  160;  origin 
of,  111:  physiological  importance  of,  111: 
properties  of,  111. 
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Castoreum,  183. 

Castorin,  95,  96,  183. 

Cellular  tissue,  see  Connective  tissue,  209. 

Cellulose,  97,  99 ;  digestibility  of,  254. 

Cerebrin  in  nerve  tissue,  223  ;  in  the  yolk, 
160. 

Cerotic  acid,  62. 

Cerotin,  94. 

Cerotyl,  oxide  of,  94. 

Cetic  acid,  62,  68. 

Cetones,  63. 

Cetyl,  oxide  of,  94. 

Cetylic  acid,  94. 

Chalk-stones,  of  arthritis,  92. 

Chemistry,  physiological,  definition  of,  49 ; 
division  of,  49;  pathological,  relation 
of,  to  physiological,  49. 

Chitin,  113,  114. 

Chloride  of  ammonium,  in  the  gastric 
fluid,  168. 

Chloride  of  calcium,  in  the  gastric  fluid, 
168. 

Chloride  of  potassium,  in  the  gastric  fluid, 
168;  in  the  blood-serum,  142;  in  the 
chyle,  149;  in  saliva,  164;  in  the  urine, 
191. 

Chloride  of  sodium,  118;  importance  of, 
in  tissue  metamorphosis,  244 ;  mode  of 
occurrence  of,  118;  in  the  bile,  170; 
blood,  142 ;  chyle,  149 ;  exudations, 
228;  gastric  fluid,  168;  fluid  of  mus- 
cles, 218;  pancreatic  fluid,  174;  fluids 
of  ovum,  161;  lymph,  150;  milk,  157; 
mucus,  163;  saliva,  164;  sweat,  184; 
transudations,  154;  urine,  191;  phy- 
siological importance  of,  118,  244;  with 
grape  sugar,  245  ;  with  urea,  245. 

Chlorohydric  acid,  118. 

Chlorosis,  blood  in,  147;  respiration  in, 
269. 

Cholepyrrhin,  100 ;  with  lime,  see  Biliary 
concretions. 

Cholera,  bile  in,  171 ;  blood  in,  147;  vomit 
in,  180;  excrements  in,  182;  respira- 
tion in,  269  ;  transudations  in,  154. 

Cholesterin,  95 ;  mode  of  occurrence,  95 ; 
in  the  bile,  170;  biliary  calculi,  171; 
blood,  139;  intestines,  178;  nerve  tis- 
sue, 222  ;  smegma  pra;putii,  183  ;  trans- 
udations, 153. 

Cholic  acid,  78,  79;  formation  of,  79; 
mode  of  occurrence  of,  79. 

Choloidic  acid,  79. 

Chondrin,  113,  114;  in  intercellular  sub- 
stance of  cartilage,  208. 

Chyle,  the,  148 ;  constituents  of,  chemical, 
149;  morphotic,  148:  influence  of  food 
upon,  149:  mode  of  obtaining,  148:  pro- 
perties of,  148;   quantity  of,  150. 

Cinnamic  acid,  74 ;  passing  into  the  urine 
as  hippuric  acid,  193  ;  in  the  sweat,  185. 

Cinnamyl,  hydruret  of,  75. 


Circulation,  the,  291. 

Cocinic  acid,  62,  68. 

Colla,  seeGlutin,  113. 

Coloring  matters,  99 ;  of  the  bile,  99, 100 ; 
blood-corpuscles,  see  Haematin,  99,  100; 
blood-serum,  141 ;  choroid,  see  Melanin, 
99,  101 ;  urine,  99,  101. 

Colostrum,  see  Milk. 

Conjugate  radicals,  see  Pairing. 

Connective  tissue,  209 ;  chemical  relations 
of,  209 ;  of  the  embryo,  see  Mucous  tis- 
sue, 210 ;  histological  characters  of,  209. 

Contractile  fibre-cells,  214. 

Copalic  acid,  74. 

Copaivic  acid,  74. 

Copper,  121. 

Copula,  see  Pairing. 

Corpuscles,  blood,  see  under  Blood,  125; 
cytoid,  226 ;  in  mucus,  1 62  •,  pus,  225  ; 
transudations,  151. 

Creatin  and  creatinin,  82,  83 ;  in  the  blood, 
141;  in  the  fluids  of  muscles,  218;  in 
transudations,  154;  in  the  urine,  83, 190. 

Crystalline  substance  of  the  blood,  see 
Hsematocrystallin,  112. 

Cumaric  acid,  74. 

Cumarin,  75. 

Cumic  acid,  74. 

Cumin,  75. 

Cynuric  acid,  in  urine  of  dogs,  190. 

Cystic  oxide,  and  cystin,  82,  86 ;  in  the 
urine,  188;  in  urinary  calculi,  200. 

Cytoid  corpuscles,  see  Exudations,  226. 


D 


Damaluric  acid,  73. 

Damolic  acid,  73. 

Degeneration,  fatty,  70,  239. 

Dental  tissue,  206  ;  cementum,  207  ;  den- 
tine, 206;  enamel,  207;  teeth  of  dif- 
ferent animals,  207. 

Deoxidation,  process  of,  visible  in  acci- 
dental constituents  of  urine,  193. 

Derivations,  proximate,  of  the  protein 
bodies,  104,  113. 

Dextrin,  absorption  of,  253;  importance 
of,  in  tissue  metamorphosis,  240. 

Diabetes,  98;  bile  in,  171 ;  blood  in,  148; 
excrements  in,  182;  respiration  in,  269; 
urine  in,  195  ;  vomit  in,  180. 

Diastase,  see  Saliva,  160. 

Diffusion,  currents  of,  between  the  blood 
and  parenchymatous  fluids,  242 ;  be- 
tween the  gases  of  the  blood  and  of  the 
air-passages,  270. 

Digestion,  246 :  absorption  of  cane  sugar, 
252;  cellulose,  254;  chondrin,  255; 
curarin,  255;  dextrin,  253;  emulsin, 
255;  fats,  254;  gluten,  254;  glutin, 
255 ;  grape  sugar,  250 ;  laws  of  absorp- 
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tion  of,  251 ;  quantity  absorbed  corre- 
sponding with  laws  of  endosmose,  251 ; 
in  direct  ratio  to  concentration  of  solu- 
tion, 251 ;  independent  of  amount  of 
surface  of  intestine,  251  ;  gum,  253  ; 
inulin,  253  ;  lactin,  252  ;  protein  bodies, 
255;  transformation  of,  into  peptones, 
255 ;  reappearance  of  albumen,  &c,  in 
chyle,  256 ;  starch,  253  ;  gradual  trans- 
formation of,  into  sugar  by  the  intesti- 
nal fluids,  176  ;  by  the  bloodvessels,  249, 
251,  254,  256  ;  by  the  lacteals,  248,  254, 
256  ;  modes  of  ascertaining,  249  :  capa- 
bility of,  depending  upon  physical  and 
chemical  properties  of  the  substances, 
246 :  definition  of,  246 :  difficulty  of  ab- 
sorption of  some  substances,  248  :  diges- 
tibility of  articles  of  food,  257 :  division 
of  objects  of,  247,  250:  explanation  of 
process,  246 :  extent  of  process,  279 : 
laws  of  absorption  (of  sugar),  251  :  me- 
chanical conditions  of,  246,  247 ;  influ- 
ence of  blood-current  upon,  247 ;  of 
concentration  of  solution,  247 ;  of  op- 
posite reaction  (acid  and  alkaline),  247  : 
quantities  of  articles  of  food  absorbed, 
257:  quantities  of  the  digestive  fluids,  256: 
relations  of  absorbability  of  substance 
and  the  digestive  fluids,  247. 

Doeglic  acid,  73. 

Doeglic  oxide,  94. 

Dumb-bell  crystals,  65. 

Dysentery,  blood  in,  147  ;  excrements  in, 
182. 

Dyslysin,  79. 


E 


Ear,  cartilage  of,  209;  function  of,  312; 
structure  of,  310 ;  sebaceous  secretion 
of,  182. 

Egg,  albumen  of,  see  Fluids  of  the  ovum, 
161. 

Elastic  tissue,  210;  chemical  behavior  of, 
210;  histology  of,  210;  mode  of  occur- 
rence of,  210;  substance  of,  elasticin, 
113,  114. 

Elasticin,  114. 

Ellagic  acid  in  intestinal  concretions,  182. 

Embryo,  connective  tissue  of,  210. 

Emulsin,  see  Digestion,  255. 

Entomaderm,  see  Chitin,  114. 

Epidermis,  see  Horny  tissue,  211. 

Erucic  acid,  73. 

Ethal,  94. 

Ethers,  93. 

Ethyl  series,  94. 

Excitor  nerve-force,  36. 

Excrements,  the  solid,  181:  amount  of, 
181:  containing  albumen,  182;  blood, 
182;  epithelium,  182;  fat,  182;  fibrin, 


182;  mucus,  182;  sugar,  182;  triple 
phosphate,  181 :  of  the  foetus,  meconium, 
179:  yellow,  of  sucklings,  181. 

Extractive  matters,  in  the  blood,  133;  in 
the  chyle,  149;  in  the  lymph,  150;  in 
urine,  190  ;  in  transudations,  153. 

Exudations,  223:  character  (general)  of, 
223 :  cytoid  corpuscles,  226 :  difference 
between,  and  transudations,  224 :  modi- 
fication of,  225 :  pus,  225  ;  constituents 
of,  accidental,  228 ;  chemical,  normal, 
227 ;  abnormal  (casein,  pyin,  muco- 
sin),  227 ;  morphotic,  225 ;  pus-cor- 
puscles, 225 ;  microchemical  reactions 
of,  227 ;  modes  of  decomposition,  acid 
fermentation  of,  226 ;  alkaline  fermen- 
tation of,  226 ;  quantitative  relations 
of,  228 ;  serum  of,  227. 

Eye,  fluids  of  the,  see  Transudations,  151 : 
choroid,  function  of,  319:  iris,  function 
of,  319;  structure  of,  319:  retina,  func- 
tion of,  318;  structure  of,  319. 


Faeces,  see  Solid  excrements,  181. 

Fat  acids :  fixed,  68 ;  oily,  73 ;  volatile, 
63. 

Fats,  neutral,  69:  digestion  of,  173,  254: 
formation  of,  from  nitrogenised  sub- 
stances, 239 :  importance  of ,  chemical,  71 ; 
physical,  71;  physiological,  72;  in  tis- 
sue metamorphosis,  237  :  mode  of  occur- 
rence of,  in  the  bile,  170;  blood-corpus- 
cles, 133:  blood-serum,  139;  bones, 
204;  cartilage,  209;  chyle,  149;  excre- 
ments, 182;  fluids  of  ovum,  160;  hairs, 
213;  intestines,  178;  lymph,  150;  milk, 
156;  mucus,  162;  muscles,  217;  218; 
nerve-tissue,  238;  pus,  227 ;  sebaceous 
secretions,  183;  sweat,  184;  transuda- 
tions, 153;  urine,  194:  source  of,  70. 

Feathers,  214. 

Fermentation  of  urine,  acid,  185  ;  alkaline, 
186. 

Fever,  the  urine  in,  198. 

Fibre-cells,  contractile,  214;  cell  sub- 
stance of,  215;  histology  of,  204;  inter- 
stial  fluid  of,  215 ;  microchemical  reac- 
tions of,  214;  nuclear  substance  of,  214. 

Fibrin,  105,  109:  coagulation  of,  109;  mode 
of  occurrence  of,  109;  in  the  blood,  135; 
chyle,  149;  exudations,  224;  lymph, 
150;  transudations,  152;  urine,  187: 
origin  of,  110:  physiological  importance 
of,  110;  properties  of,  109. 

Fibrinous  flakes,  see  the  Blood,  135. 

Fibro-cartilage,  208. 

Fibroin,  113,  114. 

Fluids,  animal,  see  Phlegmato-chemistry, 
123. 
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Fluoride  of  calcium,  116,  118;  in  bones, 
206 ;  in  teeth,  207. 

Food,  articles  of,  see  Digestion,  257,  and 
Nutrition,  275 :  plastic,  235,  255,  257  : 
respiratory,  237,  240,  265. 

Force,  definition  of,  27,  229. 

Force,  organic,  vital,  formative,  32;  nerv- 
ous, mechanic,  35;  excitor,  36;  motor, 
37 ;  conditions  requisite  for  develop- 
ment of,  39 ;  connection  of,  with  electri- 
city, 39. 

Force,  vital,  229;  remarks  on  Dr.  Leh- 
mann's  doctrine  of,  41. 

Forces  and  laws  of  organic  movements, 
229. 

Forces,  correlation  of,  29. 

Forces  or  dynamical  relations  of  the  or- 
ganism, 27. 

Formic  acid,  62,  66 ;  in  the  blood  in  leu- 
chsemia,  141, 148;  in  the  fluids  of  mus- 
cles, 218;  in  the  sweat,  184;  in  the 
urine,  190. 

Fungus  in  the  urine,  187. 


G 


Gall-stones,  biliary  calculi,  171. 

Gallic  acid  as  an  accidental  constituent  of 
urine,  193. 

Gases,  of  the  blood,  134;  intestines,  173; 
urine,  192:  exchange  of,  in  the  lungs, 
laws  regulating,  272. 

Gastric  fluid,  the,  167;  amount  secreted, 
168:  artificial,  168:  constituents,  chemi- 
cal, 167;  free  acid,  167;  pepsin,  167; 
mineral,  168;  solid  residue,  167:  func- 
tion of,  168:  mode  of  obtaining,  167: 
properties  of,  167;  peptones,  167,  168. 

Gelatin,  animal,  see  Glutin,  113. 

Gelatin,  sugar  of,  see  Glycin,  81. 

General  observations,  49. 

Globulin,  105,  111:  mode  of  occurrence  of, 
112:  physiological  importance  of,  112: 
properties  of,  111. 

Glucose,  see  Grape  sugar. 

Glutin,  113;  in  the  blood  in  leuchsemia, 
141,  148;  in  bone  cartilage,  204;  in 
connective  tissue,  209. 

Glycerin,  94. 

Glycero-phosphoric  acid,  94 ;  in  the  yolk, 
160. 

Glycin,  81. 

Glycic  acid,  76,  77. 

Glycocholic  acid,  87,  89 ;  in  the  blood,  1 41 ; 
excrements,  181 ;  intestines,  177;  trans- 
udations, 153;  urine,  195;  vomit,  180. 

Grape  sugar,  97 :  conditions  of  absorption 
of,  251:  digestion  of,  250;  importance 
of,  in  the  economy,  see  Tissue  metamor- 
phosis, 240:  mode  of  occurrence  of,  97; 
in  blood-serum,  140;    chyle,  149;  ex 


21 


crements,  182;  fluids  of  amnion  and 
allantois,  98,  153;  intestines,  177 
ovum,  161;  pus,  226;  saliva,  165 
sweat,  185;  transudations,  153;  urine 
194;  vomit,  180:  nutritive  value  of,  275 
origin  of,  in  the  liver,  98,  140;  food,  98 
transformation  of,  in  the  blood,  243. 
Guanin,  82,  86. 


II 


Hoematin,  99,  100;  in  the  blood-corpus- 
cles, 132,  133. 

Haemato-crystallin,  105,  112:  mode  of  oc- 
currence of,  in  the  blood  cells,  132 :  pro- 
perties of,  112.      . 

Hsematoidin,  100. 

Hair-tissue,  212:  constituents  of,  chemical, 
213 ;  histological,  212 ;  fibrous  substance, 
213;  medulla,  213;  cuticle,  212;  micro- 
chemical  behavior  of,  213. 

Haloid  bases,  92;  salts  of  the,  93. 

Hearing,  sense  of,  309. 

Heat,  Animal,  see  Temperature. 

Hippuric  acid,  87,  89;  in  the  blood,  141; 
in  the  urine,  190 ;  in  the  sebaceous  se- 
cretions, 183. 

Histochemistry,  50,  201 ;  difficulties  of  in- 
vestigation in,  201 ;  influence  of  micro- 
chemistry  upon,  201 ;  necessity  of  study- 
ing the  interstitial  fluids,  202 ;  physio- 
logical importance  of,  201. 

Histogenetic  substances,  102;  division  of, 
103;  products  of  decomposition  of,  103; 
properties  of,  102;  ready  putrefaction 
of,  103;  theoretical  composition  of,  un- 
known, 102. 

Homology,  59. 

Hoofs  and  Horns,  see 

Horny  tissue,  211;  chemical  constituents 
of  the,  212;  general  properties  of,  211 ; 
relations  of,  microchemical,  211;  mor- 
phological, 211;  substance  of  the,  211. 

Hydrochloric  acid,  118;  in  the  gastric 
fluid,  167. 

Hyocholic  acid,  87,  90. 

Hypoxanthin,  88,  90;  in  blood  of  leuchse- 
mia, 141. 


Inanition-experiments,  see  Nutrition. 
Inflammation,  globules  of,  see  Mucus,  162: 

blood  in,  147  ;  respiration  in,  269;  urine 

in,  198. 
Inflammatory  crust,  buffy  coat,  137. 
Infusoria,  in  milk,  156;  pus,  226;  urine, 

187. 
Inosic  acid,  88,  90;  in  fluid  of  muscles, 

218. 


326 


INDEX. 


Inosit,  97,  99 ;  in  the  fluid  of  the  cardiac 
muscles,  99. 

Intestinal  concretions,  182. 

Intestinal  fluid,  the,  175  ;  amount  of,  176  ; 
constituents  of,  175;  function  of,  176; 
mode  of  obtaining,  176 ;  properties  of, 
175. 

Intestines,  contents  of  the,  175  ;  composi- 
tion of  the,  general,  176;  constituents 
of  the,  insoluble,  178;  soluble,  177; 
gases  of  the,  178;  in  the  foetus,  179; 
reaction  of  the,  176;  causes  of  latter, 
177;  sarcinaventriculi,  180;  vomit,  179. 

Iodide  of  potassium,  passing  into  the  milk, 
157;  into  the  saliva,  165. 

Iron,  118,  120:  mode  of  occurrence  of,  120; 
in  the  bile,  170;  fclood,  133;  gastric 
fluid,  168;  bEematin,  100;  hair,  213; 
melanin,  101;  sweat,  184;  urine,  101, 
192  ;  physiological  importance  of,  120. 


K 


Keratin,  211. 

Kyestein,  see  the  Urine,  198. 


Lactic  acid,  76,  77 :  mode  of  occurrence  of, 
77;  in  the  chyle,  149  ;  fluids  of  muscles, 
218;  gastric  fluid,  167;  intestines,  177; 
lymph,  150;  milk,  157;  sweat,  184; 
transudations,  154;  urine,  190:  origin 
of,  78:  physiological  importance  of,  78. 

Lactic  acid  group,  76. 

Lactin,  97,  99 ;  digestion  of,  252  ;  mode 
of  occurrence  of,  99,  157;  nutritive 
value  of,  276  ;  origin  of,  99. 

Laurostearic  acid,  62. 

Lead,  121,  122. 

Lecithin,  nerve-tissue,  223 ;  in  the  yolk, 
160. 

Leuchaemia,  blood  of,  141,  148. 

Leucic  acid,  76,  77. 

Leucin,  81. 

Lienin,  82,  87. 

Life-phenomena,  306. 

Lime,  carbonate  of,  116,  117:  mode  of  oc- 
currence of,  117  ;  in  the  bones,  204;  in 
concretions,  117;  saliva,  165;  sebaceous 
secretions,  183:  oxalate  of,  65;  as  a 
urinary  sediment,  188:  phosphate  of, 
116;  in  the  bones,  204;  in  the  urine, 
192;  sulphate  of,  in  the  sebaceous  se- 
cretions, 183. 

Lipinic  acid,  72. 

Lipoids,  95. 

Lipylo,  oxide  of,  94  ;  salts  of,  69,  73. 

Liquor  amnii,  see  Transudations,  161. 

Liquor  sanguinis,  see  Blood,  125,  135. 


Lithofellic  acid,  78,  79  ;  in  contents  of  the 
intestines,  182. 

Lungs,  exhalation  from  the,  see  Respira- 
tion, 260. 

Lutidin,  81. 

Lymph,  150:  constituents  of  the,  chemical, 
150;  morphotic,  150:  mode  of  coagula- 
tion of,  150;  properties  of,  150. 


M 


Magnesia,  carbonate  of,  121 :  phosphate  of, 
116,  117;  in  the  bones,  204;  in  the 
urine,  192:  and  ammonia,  in  the  excre- 
ments, 181 ;  in  intestinal  concretions, 
182;  in  urinary  sediments,  188,  200. 
Manganese,  121. 
Margaric  acid,  63. 

Margarin,  68;  in  the  ovum,  160,  161. 
Margaritic  acid,  62,  68. 
Mechanic  force,  correlation  of  heat  and, 

26. 
Meconium,  see  Contents  of  the  intestines, 

179. 
Melanin,  99,  101 ;   origin  and  importance 

of,  101. 
Melissic  acid,  63. 
Melissyl,  oxide  of,  94. 
Mercury  in  saliva,  165. 
Metacetonic  acid,  62,  67. 
Methods    (of  investigation),    chemico-ex- 
perimental,     53 ;     physiologico-experi- 
mental,  53  ;  statistical,  52. 
Methyl-oxalic  acid,  see  Acetic  acid,  59,  66. 
Milk,    the,    155:    amount  secreted,    158: 
analysis  of,  157:    animals,  milk  of  dif- 
ferent, 155,  156:    coagulation  of,  155: 
colostrum  of,  1 56  :   constituents  of,  chemi- 
cal, 156;    abnormal  and  accidental,  al- 
bumen, 157;  iodide  of  potassium,  157; 
urea,   157;    normal,  casein,  156;    fats, 
156;  lactin,  157;  salts,  157  :  morphotic, 
155;    abnormal,   blood-corpuscle,    156; 
epithelial  cells,  156;   fibrinous  coagula, 
156;  infusoria,  156;  mucous  corpuscles, 
156;  normal,  colostrum-corpuscles,  156; 
milk  globules,    155:    cream,  155:  pro- 
perties of,  155:  reaction  of,  155. 
Mineral  substances  of  the  animal  body, 
115;  division  of,  115;  accidental,  121; 
chemically  operative,  118;  mechanically 
useful,  116. 
Molecular  forces,  relation  of,  to  life,  229 ; 
difference  of  their  action  upon  organic 
substances,  230. 
Monads  in  the  urine,  187. 
Motor  force,  37. 
Mucin,  Mucosin,  162. 
Mucous  corpuscles,  162;  chemical  compo- 
sition  of,  see   Cytoid    corpuscles,   226 ; 
mode  of  occurrence  of,  in  bile,  169  ;  ex- 
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crements,  182 ;  mucus,  162 ;  saliva,  163 ; 
urine,  186  ;  vomit,  180. 
Mucous  sugar,  see  Grape  sugar. 

Mucous  tissue,  gelatinous  tissue  of  Whar- 
ton, 210. 

Mucus,  161 ;  constituents  of,  chemical,  162; 
albumen,  103;  fat,  163;  mucosin,  162; 
mineral  substances,  163;  morphotic, 
blood-corpuscles,  162 ;  coagula  of  fibrin, 
162;  epithelial  cells,  161;  fat-globules, 
162;  granular  cells,  162;  granular 
masses,  162  ;  molecular  granules,  162  ; 
inflammation  globules,  162 ;  mucous 
corpuscles,  162 :  properties  of,  161 :  re- 
action of,  161,  163. 

Muriatic  acid,  see  Hydrochloric  acid. 

Muscular  action,  amount  of  force  expended 
in,  26. 

Muscular  fibres,  smooth,  see  Contractile 
fibre-cells,  214. 

Muscular  fibres,  striated,  215;  constituents 
of,  chemical,  217;  acetic  acid,  218; 
albumen,  218;  casein,  218;  creatin  and 
creatinin,  218;  fats,  218;  formic  acid, 
218  ;  inosit,  218 ;  lactic  acid,  218 ;  nu- 
'clear  substance,  217;  salts,  218;  syn 
tonin,  musculin,  or  fibrin  of  muscles, 
110,217;  water,  218;  histological,  215  ; 
fat-granules,  217 ;  primitive  bundles, 
215;  sarcolemma,  216:  fluid  of  muscles, 
218:  microchemical  reactions  of,  216; 
quantitative  composition  of,  208. 

Muscular  contraction,  306. 

Musculin,  see  Syntonin,  110. 

Myricin,  94. 

Myristic  acid,  62,  68. 

Myroxylic  acid,  74. 


N 


Nails,  see  Horny  tissue,  212. 

Nerve  tissue,  218:  constituents  of,  chemi- 
cal, 222;  cerebrin,  223;  cholesterin, 
222;  fats,  222;  lecithin,  223;  mineral 
substances,  223 ;  protein  substance, 
neurin,  222;  water,  223;  histological, 
218;  nerve-fibres,  cerebro-spinal,  218; 
sympathetic,  219;  axis-cylinder  of,  219; 
cortical  substance  of,  219;  investing 
membrane  of  neurilemma,  219 ;  nerve- 
cells,  219;  investing  membrane  of,  219: 
nuclei  of,  219;  nucleoli,  219;  chemical 
composition  of  the  individual  morphotic 
constituents  of  the  nerve-fibres,  221 ; 
axis-cylinder,  221 ;  investing  membrane, 
221;  medulla,  222;  of  the  nerve  cells, 
222;  of  the  contents,  222;  investing 
membrane,  222 ;  nuclei,  222 :  micro- 
chemical  reactions  of,  220  :  quantitative 
relations  of,  223. 

Nervous  force,  mechanic  force,  35. 


Neutral  bodies,  non-nitrogenised,  carbohy- 
drates, 97. 

Nitrils,  64  ;  of  the  benzoic  acid  group,  75 ; 
of  the  volatile  fat  acids,  64. 

Nitric  acid,  in  the  urine,  195. 

Nitrogenised  bodies,  basic  and  neutral,  79 ; 
of  the  ammonia  type,  61,  80;  of  the  cy- 
anogen type,  80. 

Nitrogenised  paired  acids,  87. 

Nuclear  fibres,  see  Elastic  tissue,  210,  and 
connective  tissue,  209. 

Nutrition,  274 :  amount  of  food  absorbed 
in  the  intestines,  280:  animal  food,  pro- 
ducts of  disintegration  of,  285  :  articles 
of  food,  most  favorable  proportions  of, 
qualitatively,  274 ;  quantitatively,  276  ; 
depending  upon  the  necessity  for  food, 
277;  and  the  internal  states  of  the  or- 
ganism, 278;  consumption  of  labor,  279; 
superfluous  consumption  (Luxus  con- 
sumtion),  279;  maximum  quantities,  279; 
minimum  quantities,  283 :  the  blood  after 
the  reception  of  food,  145,  280 :  excreta  of 
the  organism,  281  ;  carbonic  acid,  281 ; 
hydrogen,  281 ;  nitrogen,  281 ;  differ- 
ence between  carnivora  and  herbivora, 

281  ;  in  inanition  experiments,  282  ; 
when  the  bile  is  conducted  externally, 

282  :  inanition  experiments,  285  ;  excre- 
tion of  elements  in,  286 ;  of  carbonic 
acid,  286 ;  of  the  kidneys,  286 ;  general 
results  of,  285  ;  loss  of  weight  of  the 
whole  body,  286  ;  of  different  organs, 
286  :  necessity  for  food,  and  its  amount, 
278 :  nutritiousness,  and  nutritive  value 
of  articles  of  food,  277;  depending  upon 
amount  of  plastic  materials,  275;  of 
non-nitrogenised  substances,  275  ;  tissue 
metamorphosis,  in  carnivora,  with  maxi- 
mum of  food,  283;  with  minimum,  283; 
amount  of,  difficult  to  determine,  278  ; 
during  development,  279,  287  ;  during 
mast-feeding,  279  ;  during  thirst,  287  ; 
influence  of  non-nitrogenised  food  upon 
in  nitrogenised  tissues,  285  ;  nitrogen 
which  does  not  pass  into  the  urine,  282, 
284  ;  urea  not  a  sure  index  of,  282. 

Nutritive  value  of  articles  of  food,  275. 


0 


Observations,  general,  49. 
Odor  of  the  blood,  142. 
Odoriferous  substances,  as  accidental  con- 
stituents of  the  uriue,  194. 
GSnanthic  acid,  62,  67. 
Oleic  acid,  73. 
Olein,  73. 

Omichmyle,  oxide  of,  see  the  Urine,  191. 
Organic  action,  vital  action,  33. 
Organic  force,  formative  force,  32. 
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Organism,  the  human,  19:  relations  of, 
chemical,  21 ;  dynamical,  27 ;  general, 
19;  statical,  24:  organic  forces  of ',  32. 

Osseous  tissue,  202 :  chemical  relations  of, 
204 ;  general,  204 ;  as  affected  by  age 
and  sex,  205 ;  in  different  bones  of  same 
individual,  205 ;  in  disease,  205 ;  of 
fossil  bones,  206  ;  of  the  different  mor- 
photic  constituents,  203  :  histological  re- 
lations of,  202 ;  bone-cartilage,  203  ; 
bone-corpuscles,  202 ;  bone-granules, 
203  ;  bone-medulla,  202  ;  lamellae,  203 ; 
medullary  canals,  Haversian  canals,  202 ; 
medullary  cavities,  202. 

Ovum,  fluids  of  the,  159:  constituents  of 
the,  chemical,  160, 161 ;  morphotic,  159, 
161 ;  white,  161 ;  yolk,  159. 

Oxalic  acid,  65 ;  salt  of,  with  lime,  65 ; 
as  a  urinary  sediment,  188,  200. 

Oxidation,  process  of,  in  the  animal  body, 
237 ;  evinced  by  accidental  constituents 
of  the  urine,  193  ;  furthered  by  alkalies, 
243 ;  limits  of,  244. 

Oxygen,  proportion  of  in  arterial  and  in 
venous  blood,  134. 


Pairing,  hypothesis  of,  58 ;  importance  of 
in  tissue-metamorphosis,  243. 

Palmitic  acid,  63,  68. 

Pancreatic  fluid,  the,  174:  amount  secreted, 
174:  chemical  constituents  of ',  174;  but- 
tery fat,  174;  mineral  substances,  174; 
protein-body,  pancreatin,  174:  function 
of,  175:  mode  of  obtaining,  174:  proper- 
ties of,  174. 

Pancreatin,  174. 

Paramylon,  97,  99. 

Parotid,  secretion  of  the,  see  Saliva,  164. 

Pelargonic  acid,  62,  67. 

Pepsin,  167. 

Peptones,  167,  168. 

Perspiration,  185;  relation  of,  to  respira- 
tion, 269. 

Petinin,  81. 

Phenyl,  hydrated  oxide  of,  phenylic  acid, 
95  ;  in  castor,  183. 

Phenylamin,  81. 

Phlegmato-chemistry,  50,  123  ;  basis  for 
the  study  of  tissue-metamorphosis,  52, 
123  ;  requisites  for  a  proper  investiga- 
tion of,  123  ;  difficulties  of  latter,  123. 

Phosphates,  116,  118,  119:  importance  of 
in  tissue-metamorphosis,  243  :  mode  of 
occurrence  of,  116,  119;  in  the  blood, 
133;  exudations,  224;  fluids  of  muscles, 
218  ;  semen,  159  ;  transudations,  154  ; 
urine,  191 ;  yolk,  160. 

Picolin,  81. 

Pimelic  acid,  72. 


Plasma,  see  Blood,  125. 

Plastic  articles  of  food,  235,  255,  257,  275. 

Plethora,  the  blood  in,  147. 

Pneumic  acid,  88,  90. 

Potassa,  salts  of,  preponderating  in  the 
blood-cells,  133 ;  in  smooth  muscles, 
215;  in  striated  muscles,  218;  in  the 
yolk,  160. 

Potassium,  iodide  of,  passing  into  milk, 
157;  saliva,  165;  urine,  193. 

Processes,  zoochemical,  52. 

Protein-bodies,  104,  105  ;  constitution  of 
the,  107  :  coagulation  of  the,  mode  of, 
106  :  derivatives  of  the,  104,  113  :  diges- 
tibility of  the,  257 :  digestion  of  the,  255 : 
homology  of  the,  1 07 ;  importance  of  in 
tissue  metamorphosis,  235 :  mode  of  co- 
agulation of  the,  106 :  modifications  of 
the,  104:  nutritive  value  of  the,  275: 
properties  of  the,  105 ;  soluble,  106 ;  in- 
soluble, 107. 

Ptyalin,  salivin,  see  Saliva,  164. 

Pus,  see  Exudations,  225. 

Pyaemia,  the  blood  in,  148. 

Pyin,  see  Pus,  227. 

Pyridin,  81. 

Pyroleic  acid,  72,  73. 


R. 


Radicals,  hypothesis  of,  57 ;  negative,  58 ; 
positive,  58. 

Reproduction,  297. 

Respiration,  258 :  agents  of,  237,  240,  265, 
276  :  in  animals,  268  ;  amphibia,  268  ; 
birds,  268  ;  eggs  of  birds,  268 ;  earth- 
worms, 268  ;  fishes,  268  ;  insects,  268  ; 
mammalia,  268;  animals  breathing  by 
the  skin,  268  :  animal  temperature,  as  a 
consequence  of,  273,  and  tissue  metamor- 
phosis, 273 :  in  artificial  atmospheres, 
262 ;  rich  in  carbonic  acid,  262 ;  in  oxy- 
gen, 262  ;  in  nitrogen,  262  ;  in  nitrous 
oxide,  263  ;  composed  of  hydrogen  and 
oxygen,  263 :  carbonic  acid,  amount  of 
in  air  expired,  260,  262 ;  depending  upon 
the  depth  of  the  respirations,  262 ;  their 
frequency,  260 ;  holding  the  breath,  262 ; 
in  air  of  air-vesicles,  262  :  characteristics 
of,  general,  258 :  composition  of  air  ex- 
pired, 260:  conditions  of,  258,  272:  in 
diseases,  269 :  gases,  quantities  of,  con- 
sumed and  produced  in  a  given  time, 
260 :  influences  of  external  world  upon, 
263 ;  atmospheric  pressure,  263  ;  moist- 
ure of  atmosphere,  263  ;  period  of  day, 
264 ;  of  year,  264 ;  temperature,  263 : 
influence  of  internal  states  of  the  organ- 
ism, 264  ;  abstinence  from  food,  264 ; 
age,  267  ;  alcoholic  drinks,  267  ;  diges- 
tion, 264  ;  bodily  exercise,  267  ;  food, 
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articles  of,  264 ;  chemical  nature  of, 
264 ;  quantity  of,  267  ;  hibernation  of 
animals,  267  ;  sex,  267 ;  waking,  267  : 
methods  of  investigation,  259:  relations  of, 
to  perspiration,  269 :  respiratory  equiva- 
lents, 265 ;  value  of  in  determining 
amount  of  tissue-metamorphosis  (for- 
muloe),  266:  theory  of,  269;  absorption, 
laws  of,  272  ;  mechanical  conditions  of, 
269  ;  carbonic  acid,  formation  of,  270  ; 
in  the  blood  itself,  274 ;  in  the  contact 
of  blood  in  capillaries  with  the  organs, 

271  ;  in  the  parenchymata  of  organs, 
270;  condition  of  the  gases  in  the  blood, 

272  ;  diffusion  the  cause  of  the  exchange 
of  gases  in  the  air-passages,  270 ;  per- 
meability of  membranes,  relatively  to 
the  exchange  of  gases,  272. 

Rheumatism,  the  blood  in,  148. 


S 


Salicin,  transformation  of  in  the  organism, 
see  the  Urine,  194. 

Salicyl,  hydruret  of,  75. 

Salicylic  acid,  74  ;  with  salicylous  acid  in 
urine  after  ingestion  of  salicin,  75. 

Salavin,  see  Saliva,  164. 

Saliva,  mixed,  163:  amount  secreted,  165: 
concretions,  calculi,  165:  constituents  of, 
abnormal,  165;  normal,  164:  diastase, 
animal,  166  :  functions  of  165  ;  chemical, 
166;  dynamical,  166;  mechanical,  165; 
passive,  166:  mode  of  obtaining,  163: 
properties  of,  163  :  secretion  of  the  oral 
mucus  membrane,  164;  of  the  parotid, 
164  ;  constituents  of,  164  ;  mineral  sub- 
stances, 164;  potash-salt  of  a  volatile 
fat  acid,  164;  ptyalin,  164;  sulphocya- 
nide  of  sodium,  164  ;  reaction  of,  164  ; 
of  submaxillary  glands,  164. 

Salivary  calculi,  165. 

Salts,  inorganic,  115;  importance  of  in 
tissue-metamorphosis,  242. 

Sarcina,  in  the  gastric  contents,  180 ;  in 
the  urine,  187. 

Sarcolemma,  of  striated  muscles,  216. 

Sarcosin,  81. 

Scorbutus,  the  blood  in,  148. 

Scrofulosis,  the  blood  in,  148. 

Sebaceous  Secretions,  the,  182. 

Semen,  seminal  fluid,  the  sperma,  158: 
constituents  of ',  chemical,  158;  fluid,  158; 
salts,  159;  spermatin,  159  ;  morphotic, 
158;  seminal  granules,  158,  spermato- 
zoids,  158;  mode  of  obtaining,  158: 
mode  of  recognition,  159:  properties  of, 
158. 

Series,  homologous,  60. 

Serolin,  95,  96,  139. 

Serum,  see  Blood. 


Serum  casein,  111,  139. 

Silicic  acid,  116,  118:  mode  of  occurrence 
of,  118  ;  in  the  blood,  142  ;  'bones,  206  ; 
hair-tissue,  213;  ovum,  161;  urine,  192. 

Skin,  the,  evaporation  from,  183:  sebace- 
ous secretion  of,  182;  constituents  of, 
183;  ammonia-soap,  183;  cells,  183; 
epithelium,  183;  fats,  183  ;  mineral  sub- 
stances, 183;  protein-substance,  183; 
where  secreted,  182. 

Smegma  prteputii,  183. 

Smell,  sense  of,  319. 

Soda,  carbonate  of,  118,  119  :  phosphate  of, 
118,  119:  urate  of,  91,  187. 

Sodium,  chloride  of,  see  Chlorides  ;  sulpho- 
cyanide  of,  121,  122 ;  in  the  saliva,  164 ; 
in  the  urine,  191. 

Spermatic  filaments,  spermatozoa,  see  Se- 
men, in  the  urine,  187. 

Spermatin,  see  Semen. 

Starch,  transformation  of  into  sugar,  by 
the  intestinal  fluid,  176;  by  the  saliva, 
166;  granules  of,  in  intestines,  178. 

Stearic  acid,  63,  68. 

Suberic  acid,  72. 

Substitution,  hypothesis  of,  58. 

Substrata,  organic,  of  the  organism,  55. 

Succinic  acid,  72,  73  :  group,  72. 

Sugar,  cane,  digestion  of,  252  :  grape,  see 
Grape  sugar. 

Sulphates,  see  Alkalies  ;  in  the  urine,  191. 

Sulphocyanide  of  sodium,  see  Sodium. 

Sweat,  the  183:  amount  secreted,  185: 
constituents  of,  accidental,  185;  benzoic 
acid,  185;  cinnamic  acid,  185;  coloring 
matters,  185;  urea,  185;  chemical,  184; 
ammonia-salts  (products  of  decomposi- 
tion), 184;  chlorides  of  alkalies,  184; 
fats,  184;  fat-acids,  volatile,  184;  gases, 
185;  oxide  of  iron,  184;  phosphates  of 
alkalies,  184;  of  earths,  184;  morphotic, 
184:  mode  of  obtaining,  183  ;  properties 
of,  183. 

Syntonin,  105,  110  :  mode  of  occurrence  of, 
110;  in  contractile  fibre-cells,  215;  in 
transversely  striated  muscles,  217. 

Systems  of  theoretical  chemistry,  57  ;  va- 
lue of,  for  physiological  chemistry,  62. 


T 


Tannic  acid,  appearing  in  the  urine   as 

gallic  acid,  193. 
Taste,  sense  of,  319. 
Taurin,  82,  86. 
Taurocholic  acid,  87,  90. 
Tauryl,  hydrated  oxide  of  taurylic  acid, 

95. 
Teeth,  see  Dental  tissue. 
Temperature,  animal,  273. 
Thein,  88. 
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Theobromin,  88. 

Tissue-metamorphosis,  during  deprivation 
of  water,  287. 

Tissue-metamorphosis,  during  develop- 
ment, 287. 

Tissue-metamorphosis,  during  fattening, 
287. 

Tissue-metamorphosis,  in  general,  234: 
amount  of,  285 :  application  of  Ike  free 
acids,  241 ;  acid  phosphates  formed  by, 
242;  diffusive  currents  excited  by,  242; 
muscular  function  connected  with,  241 ; 
paired  phosphoric  acids,  243  :  of  the  al- 
kalies in  the  blood,  243 ;  action  of  on 
albumen,  244 ;  gelatin,  244 ;  sugar,  243 ; 
as  a  means  of  oxidation,  243 ;  of  chlo- 
ride of  sodium,  244 ;  action  of  on  pro- 
tein-bodies, 245  ;  sugar,  245 ;  urea, 
245 ;  formation  by,  of  chloride  of  potas- 
sium, 245  ;  hydrochloric  acid,  245  ;  im- 
portance of  in  cell-formation,  245 ;  in 
mechanical  tissue-metamorphosis,  245 ; 
of  the  fats,  237  ;  as  agents  of  respiration, 
237  ;  bile  acids  formed  from,  79,  238 ; 
constituents  of  nerve-tissue,  238  ;  de- 
position of  in  peculiar  cells,  237;  forma- 
tion of,  in  the  body,  239  ;  from  nitro- 
genised  substances  free  from  fat,  239 ; 
oxidation  of,  237  ;  of  grape  sugar,  240 ;  as 
an  agent  of  respiration,  240 ;  formation 
of  acids  from,  240 ;  of  fats  from,  241 ; 
mode  of  occurrence,  240;  solvent  action 
of,  on  fat,  241 ;  of  the  potash  salts,  242  ; 
opposition  of  acids  and  alkalies,  242  ; 
phosphates,  243 ;  of  the  protein-bodies, 
235  ;  action  of  oxygen  upon,  236 ;  as 
bases  of  tissues  of  greatest  vital  activity, 
235 ;  as  plastic  materials  for  all  nitro- 
genised  tissues,  235 :  oxidation,  process 
of,  furthered  by  alkalies,  243 ;  limits  of, 
244;  seen  in  accidental  urinary  consti- 
tuents, 244  :  partition,  division,  or  allot- 
ment of  acids  and  alkalies,  241 :  rela- 
tions of  individual  factors  of,  to  each 
other,  234 :  temperature,  animal,  as  a 
consequence  of,  237,  273;  intermediate, 
288. 

Toluylic  acid,  74. 

Tortoise-shell,  see  Horny  tissues,  212. 

Touch,  sense  of,  320. 

Transudations,  151 :  abnormal,  contents  of 
blisters,  151  ;  in  cavities  or  in  paren- 
chymata  of  organs,  151 ;  secretion  of 
wounds  when  free  from  blood-cells,  151 : 
conditions  under  which  formed,  151 ;  re- 
gulating the  proportion  of  albumen,  152; 
constituents  of,  chemical,  151  ;  albumen, 
152  ;  ammonia-salts  (products  of  decom- 
position), 154;  constituents,  153;  cho- 
lesterin,  153;  extractive  matters,  153; 
fats,  153;  fibrin,  152;  gases,  154;  salts, 
154;  sugar,  153;  urea,  152;  morphotic, 


151:  definition  of,  151:  normal,  151; 
aqueous  humor,  151;  liquor  amnii,  151 ; 
secretions  of  serous  membranes,  151 ; 
properties  of,  151. 

Trimethylamin,  80. 

Tuberculosis,  bile  in,  171  ;  blood  in,  148 ; 
respiration  in,  269. 

Typhus,  bile  in,  171 :  blood  in,  147 ;  ex- 
crements in,  181  ;  respiration  in,  269. 

Tyrosin,  81. 


U 


Urate  of  soda,  91,  187 ;  of  ammonia,  92, 
187. 

Urea,  82,  83:  amount  of,  83,  189;  depend- 
ing upon  the  circulation,  189  ;  upon  the 
food,  84,  189:  mode  of  occurrence  of,  85; 
in  the  bile,  171  ;  the  blood,  141  ;  fluids 
of  eye,  153;  lymph,  150;  milk,  157; 
pus,  227  ;  sweat,  185  ;  transudations, 
153;  urine,  188;  vomit,  180:  origin  of, 
85. 

Uric  acid,  88,  90:  mode  of  occurrence  of, 
92  ;  in  the  blood,  141 ;  in  the  urine,  90, 
187,  190:  origin  of,  92:  physiological 
importance  of,  92. 

Uric  oxide,  see  Xanthin,  90. 

Urinary  sediments,  91,  187,  200. 

Urine,  the,  185:  amount  excreted,  197; 
of  animals,  199:  calculi,  formation  of  in, 
200  :  conditions  of  excretion  of,  1 95  :  con- 
stituents of,  accidental,  193 ;  chemical, 
188  ;  abnormal,  albumen,  194  ;  ammo- 
nia-salts, 195;  bile-acids,  195;  bile- 
pigment,  195;  butyric  acid,  195;  casein, 
194;  fats,  194;  nitric  acid,  195;  sugar, 
194  ;  normal,  chlorides  of  alkalies,  191; 
coloring  matters,  101.  191 ;  creatin  and 
creatinin,  190;  cynuric  acid,  190;  ex- 
tractive matters,  190;  formic  acid,  190; 
free  acid,  192,  gases,  192 ;  hippuric 
acid,  190;  iron,  192;  lactic  acid,  190; 
oxide  of  omichmyle,  191;  phosphates, 
191 ;  silicic  acid,  192  ;  sulphates,  191 ; 
urea,  188;  quantity  of  latter,  189;  de- 
pending upon  the  circulation,  189  ;  and 
upon  the  diet,  189 ;  uric  acid,  190 ; 
water,  192  ;  morphotic,  186  ;  blood-cor- 
puscles, 187;  casts  of  tubuli,  186;  cys- 
tin,  188;  fibrinous  clots,  187;  fungus, 
187;  monads,  187;  mucous  corpuscles, 
180;  sarcina,  187;  sediments  of  cystin, 
188;  of  oxalate  of  lime,  188;  of  phos- 
phate of  magnesia  and  ammouia,  188 ; 
of  urate  of  ammonia,  187;  of  urate  of 
soda,  187;  of  uric  acid,  187;  spermato- 
zoids,  187  ;  vibriones,  187  :  fermentation 
of,  alkaline,  186 ;  acid,  185 :  influences 
upon,  pathological,  198  ;  physiological, 
198:  mechanism  of,  excretion  of,  195: 
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properties  of,  185  :  sediments,  formation 
of,  in,  185,  187,  200. 
Urine-pigments,  uroerythrin  and  urosacin, 
101. 


Valeral,  63. 

Valerianic  acid,  62. 

Valyl-oxalic  acid,  see  Valerianic  acid,  62. 

Vernix  caseosa,  see  Sebaceous  secretions, 
182. 

Vibriones,  in  milk,  156  ;  in  mucus,  162  ; 
in  urine,  187. 

Vision,  sense  of,  318. 

Vitellin,  see  Casein,  111,  160. 

Vital  force,  32,  41,  229. 

Voice,  mechanism  of  the,  308. 

Volition,  308. 

Vomit,  179  ;  containing  ammonia,  180 ; 
bile,  blood,  180;  fat,  180;  salt,  180; 
sarcina  ventriculi,  180;  sugar,  180;  re- 
sembling rice-water,  180 ;  watery,  180. 


W 


Whalebone,  see  Horny  tissues,  212. 

Water,  bases  of  the  type  of,  61  ;  acids,  of 
the  type  of,  61. 

Water,  amount  of  in  the  body,  120;  im- 
portance of,  120;  origin  of  in  the  econo- 
my, 120;  quantity  in  urine,  192. 

Wharton,  gelatinous  tissue  of,  210. 

Wool,  see  Hair  tissue,  213. 

X 

Xanthic  oxide,  and 

Xanthin,  88,  90  ;  in  the  urine,  200. 


Yolk-fluid,  see  Fluids  of  the  ovum,  159. 
Yolk-globules,  159. 


Zoochemical  processes,  52,  229. 
Zoochemistry,  50,  55. 


ERRATA. 

Page    62,  for  "magaritic,"  read  "margaritic." 
"       69,    9th  line  from  bottom,  for  "yelk,"  read  "yolk." 
"     193,  11th        "  "         "    "quinine,"  read  "quinone." 

"     161,    4th        "  top       "    "15.2  grammes,"  read  "234.5  grains." 

"     161,    4th       "  "         "    "23.9  grammes,"  read  "368.8  grains." 
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pages,  the  publisher  would  state  that  no  pains  are  spared  to  secure  a  continuance  of 
the  confidence  earned  for  the  publications  of  the  house  by  their  careful  selection  and 
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The  printed  prices  are  those  at  which  books  can  generally  be  supplied  by  booksellers 
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not  kept  in  stock.  Where  access  to  bookstores  is  not  convenient,  books  will  be  sent 
by  mail  post-paid  on  receipt  of  the  price,  but  no  risks  are  assumed  either  on  the 
money  or  the  books,  and  no  publications  but  my  own  are  supplied.  Gentlemen  will 
therefore  in  most  cases  find  it  more  convenient  to  deal  with  the  nearest  bookseller. 

An  Illustrated  Catalogue,  of  64  octavo  pages,  handsomely  printed,  will  be  for- 
warded by  mail,  postpaid,  on  receipt  of  ten  cents. 

HENRY  C.  LEA. 
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Free  of  Postage,  for  SIX  D0LLAKS  Per  Annum, 


The  American  Journal  of  the  Medical  Sciences,  and  "I  Five  Dollars  per  annum, 
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The  American  Journal  of  the  Medical  Sciences,  published  quar- " 

terly  (1150  pages  per  annum),  with 
The  Medical  News  and  Library,  monthly  (384  pp.  per  annum),  and 
Banking's   Abstract   of   the   Medical   Sciences,    published   half- 
yearly  (000  pages  per  annum),  all  free  of  postage. 

SEPARATE  SUBSCRIPTIONS  TO 

The  American  Journal  of  the  Medical  Sciences,  subject  to  postage  when  not  paid 
for  in  advance,  Five  Dollars. 

The  Medical  News  and  Library,  free  of  postage,  in  advance,  One  Dollar. 

Banking's  Half-Yearly  Abstract,  Two  Dollars  and  a  Half  per  annum  in  advance. 
Single  numbers  One  Dollar  and  a  Half. 

It  is  manifest  that  only  a  very  wide  circulation  can  enable  so  vast  an  amount  of 
valuable  practical  matter  to  be  supplied  at  a  price  so  unprecedentedly  low.     The  pub- 
lisher, therefore,  has  much  gratification  in  stating  that  the  rapid  and  steady  increase 
in  the  subscription  list  promises  to  render  the  enterprise  a  peimanent  one,  and  it  ia 
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with  especial  pleasure  that  he  acknowledges  the  valuable  assistance  spontaneously 
rendered  by  so  many  of  the  old  subscribers  to  the  "Journal,"  who  have  kindly  made 
known  among  their  friends  the  advantages  thus  offered  and  have  induced  them  to 
subscribe.  Relying  upon  a  continuance  of  these  friendly  exertions,  he  hopes  to  be 
able  to  maintain  the  unexampled  rates  at  which  these  works  are  now  supplied,  and  to 
succeed  in  his  endeavor  to  place  upon  the  table  of  every  reading  practitioner  in  the 
United  States  a  monthly,  a  cpuarterly,  and  a  half-yearly  periodical  at  the  comparatively 
trifling  cost  of  Six  Dollars  per  annum. 

These  periodicals  are  universally  known  for  their  high  professional  standing  in  their 
several  spheres. 

I. 

THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES, 

Edited  by  ISAAC  HAYS,  M.  D., 

is  published  Quarterly,  on  the  first  of  January,  April,  July,  and  October.  Each 
number  contains  nearly  three  hundred  large  octavo  pages,  appropriately  illustrated, 
wherever  necessary.  It  has  now  been  issued  regularly  for  over  forty  years,  during 
nearly  the  whole  of  which  time  it  has  been  under  the  control  of  the  present  editor. 
Throughout  this  long  period,  it  has  maintained  its  position  in  the  highest  rank  of 
medical  periodicals  both  at  heme  and  abroad,  and  has  received  the  cordial  support  of 
the  entire  profession  in  this  country.  Among  its  Collaborators  will  be  found  a  large 
number  of  the  most  distinguished  names  of  the  profession  in  every  section  of  the 
United  States,  rendering  the  department  devoted  to 

ORIGINAL     COMMUNICATIONS 

full  of  varied  and  important  matter,  of  great  interest  to  all  practitioners.  Thus,  during 
lb-69,  articles  have  appeared  in  its  pages  from  one  hundred  and  fifteen  gentlemen 
of  the  highest  standing  in  the  profession  throughout  the  United  States.* 

Following  this  is  the  "Review  Department,"  containing  extended  and  impartial 
reviews  of  all  important  new  works,  together  with  numerous  elaborate  "Analytical 
and  Bibliographical  Notices"  of  nearly  all  the  medical  publications  of  the  day. 

This  is  followed  by  the  "Quarterly  Summary  of  Improvements  and  Discoveries 
in  the  Medical  Sciences,"  classified  and  arranged  under  different  heads,  presenting 
a  very  complete  digest  of  all  that  is  new  and  interesting  to  the  physician,  abroad  as 
well  as  at  home. 

Thus,  during  the  year  1869,  the  "Journal"  furnished  to  its  subscribers  One 
Hundred  and  Forty-seven  Original  Communications,  Eighty-eight  Reviews  and  Biblio- 
graphical Notices,  and  Two  Hundred  and  Eighty-seven  articles  in  the  Quarterly  Sum- 
maries, making  a  total  of  over  Five  Hundred  articles  emanating  from  the  best  pro- 
fessional minds  in  America  and  Europe. 

To  old  subscribers,  many  of  whom  have  been  on  the  list  for  twenty  or  thirty  years, 
the  publisher  feels  that  no  promises  for  the  future  are  necessary;  but  gentlemen  who 
may  now  propose  for  the  first  time  to  subscribe  may  rest  assured  that  no  exertion  will 
be  spared  to  maintain  the  "Journal"  in  the  high  position  which  it  has  so  long  occu- 
pied as  a  national  exponent  of  scientific  medicine,  and  as  a  medium  of  intercommu- 
nication between  the  profession  of  Europe  and  America— in  the  words  of  the  "London 
Medical  Times"  (Sept.  5th,  1868)  "almost  the  only  one  that  circulates  everywhere,  all 
over  the  Union  and  in  Europe" — to  render  it,  in  fact,  necessary  to  every  practitioner 
who  desires  to  keep  on  a  level  with  the  progress  of  his  science. 

The  subscription  price  of  the  "American  Journal  of  the  Medical  Sciences"  has 
never  been  raised,  during  its  long  career.  It  is  still  Five  Dollars  per  annum ;  and 
when  paid  in  advance,  the  subscriber  receives  in  addition  the  "Medical  News  and 
Library,"  making  in  all  about  1500  large  octavo  pages  per  annum,  free  of  postage. 

II. 

THE  MEDICAL  NEWS  AND  LIBRARY 

is  a  monthly  periodical  of  Thirty-two  large  octavo  pages,  making  38-4  pages  per 
annum.  Its  "News  Department"  presents  the  current  information  of  the  day,  with 
Clinical  Lectures  and  Hospital  Gleanings;  while  the  "  Library  Department"  is  de- 
voted to  publishing  standard  works  on  the  various  branches  of  medical  science,  paged 

*  Comrnnnicatioils  are  iDvited  from  gentlemen  in  all  parts  of  the  county.     Elaborate  articles  inserted 
by  ike  Editor  are  paid  for  by  tue  Publisher. 
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separately,  so  that  they  can  be  removed  and  bound  on  completion.  In  this  manner 
subscribers  have  received,  without  expense,  such  works  as  "  Watson's  Practice," 
"Todd  and  Bowman's  Physiology,"  "Wrst  on  Children,"  "Malgaigne's  Surgery," 
&c.  &c.  And  with  January,  1870,  another  work  of  similar  practical  value  will  be 
commenced,  rendering  this  a  very  eligible  period  for  the  commencement  of  new  sub- 
scriptions. 

As  stated  above,  the  subscription  price  of  the  "Medical  News  and  Library"  is 
One  Dollar  per  annum  in  advance ;  and  it  is  furnished  without  charge  to  all  advance 
paying  subscribers  to  the  "American  Journal  of  the  Medical  Sciences." 

III. 

BANKING'S  ABSTRACT  OF  THE  MEDICAL  SCIENCES 

is  issued  in  half-yearly  volumes,  which  will  be  delivered  to  subscribers  about  the  first 
of  February,  and  first  of  August.  Each  volume  contains  about  300  closely  printed 
octavo  pages,  making  about  six  hundred  pages  per  annum. 

"Ranking's  Abstract"  has  now  been  published  in  England  regularly  for  more  than 
twenty  years,  and  has  acquired  the  highest  reputation  for  the  ability  and  industry 
with  which  the  essence  of  medical  literature  is  condensed  into  its  pages.  It  pur- 
ports to  be  "An  Analytical  and  critical  Digest  of  the  principal  British  and  CoiUi- 
nental  Medical  Works  published  in  the  preceding  Six  Months,"  and,  in  addition  to 
the  matter  thus  derived  from  independent  treatises,  it  presents  an  abstract  of  all  that 
is  important  or  interesting  in  about  sixty  British  and  Continental  journals.  Each 
article  is  carefully  condensed,  so  as  to  present  its  substance  in  the  smallest  possible 
compass,  thus  affording  space  for  the  very  large  amount  of  information  laid  before  its 
readers.     The  volumes  of  1869,  for  instance,  have  thus  contained 

thirty-four  articles  on  general  questions  in  medicine. 

one  hundred  and  eleven  articles  on  special  questions  in  medicine. 

nineteen  articles  on  forensic  medicine. 

ninety-nine  articles  on  therapeutics. 

thirty-seven  articles  on  general  questions  in  surgery. 

one  hundred  and  sixty-seven  articles  on  special  questions  in  surgery. 

ninety-five  articles  on  midwifery  and  diseases  of  women  and  children 

Making  in  all  over  five  hundred  and  fifty  articles  in  a  single  year.  Each  volume, 
moreover,  is  systematically  arranged,  with  an  elaborate  Table  of  Contents  and  a  very 
full  Index,  thus  facilitating  the  researches  of  the  reader  in  pursuit  of  particular  sub- 
jects, and  enabling  him  to  refer  without  loss  of  time  to  the  vast  amount  of  information 
contained  in  its  pages. 

The  subscription  price  of  the  "Abstract,"  mailed  free  of  postage,  is  Two 
Dollars  and  a  Half  per  annum,  payable  in  advance.     Single  volumes,  $1  50  each. 

As  stated  above,  however,  it  will  be  supplied  in  conjunction  with  the  "American 
Journal  of  the  Medical  Sciences"  and  the  "Medical  News  and  Library, '"  the 
whole  free  of  postage,  for  Six  Dollars  per  annum  in  advance. 

For  this  small  sum  the  subscriber  will  therefore  receive  three  periodicals  costing 
separately  Eight  Dollars  and  a  Half,  each  of  them  enjoying  the  highest  reputation  in 
its  class,  containing  in  all  over  two  thousand  pages  of  the  choicest  reading,  and  pre- 
senting a  complete  view  of  medical  progress  throughout  the  world. 

In  this  effort  to  bring  so  large  an  amount  of  practical  information  within  the  reach 
of  every  member  of  the  profession,  the  publisher  confidently  anticipates  the  friendly 
aid  of  all  who  are  interested  in  the  dissemination  of  sound  medical  literature.  He 
trusts,  especially,  that  the  subscribers  to  the  '-American  Medical  Journal"  will  call 
the  attention  of  their  acquaintances  to  the  advantages  thus  offered,  and  that  he  will 
be  sustained  in  the  endeavor  to  permanently  establish  medical  periodical  literature  on 
a  footing  of  cheapness  never  heretofore  attempted. 

%*  Gentlemen  desiring  to  avail  themselves  of  the  advantages  thus  offered  will  do 
well  to  forward  their  subscriptions  at  an  early  day,  in  order  to  insure  the  receipt  of 
complete  sets  for  the  year  1870,  as  the  constant  increase  in  the  subscription  list  almost 
always  exhausts  the  quantity  printed  shortly  after  publication. 

Igj"  The  safest  mode  of  remittance  is  by  postal  money  order,  drawn  to  the  order  of 
the  undersigned.  Where  money  order  post-offices  are  not  accessible,  remittances  for 
the  "Journal"  maybe  made  at  the  risk  of  the  publisher,  by  forwarding  in  registered 
letters.     Address, 

HENRY  C.  LEA, 

Nos.  706  aDd  708  Sansom  St.,  Philadelphia,  Pa. 
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JJUNGLISON  (ROBLEF),  M.D., 

Professor  of  Institutes  of  Medicine  in  Jefferson  Medical  College,  Philadelphia. 

MEDICAL  LEXICON;   A  Dictionary  of  Medical  Science:   Con- 
taining a  concise  explanation  of  the  various  Subjects  and  Terms  of  Anatomy,  Physiology, 
Pathology,  Hygiene,  Therapeutics,  Pharmacology,  Pharmacy,  Surgery,  Obstetrics,  Medical 
Jurisprudence,  and  Dentistry.     Notices  of  Climate  and  of  Mineral  Waters ;   Formula  for 
Officinal,  Empirical,  and  Dietetic  Preparations;  with  the  Accentuation  and  Etymology  of 
the  Terms,  and  the  French  and  other  Synonymes ;  so  as  to  constitute  a  French  as  M'ell  as 
English  Medical  Lexicon.    Thoroughly  Revised,  and  very  greatly  Modified  and  Augmented. 
In  one  very  large  and  handsome  royal  octavo  volume  of  1048  double-columned  pages,  Ln 
small  type;  strongly  done  up  in  extra  cloth,  $6  00  ;  leather,  raised  bands,  $6  75. 
The  object  of  the  author  from  the  outset  has  not  been  to  make  the  work  a  mere  lexicon  or 
dictionary  of  terms,  but  to  afford,  under  each,  a  condensed  view  of  its  various  medical  relations, 
and  thus  to  render  the  work  an  epitome  of  the  existing  condition  of  medical  science.     Starting 
wkh  this  view,  the  immense  demand  which  has  existed  for  the  work  has  enabled  him,  in  repeated 
revisions,  to  augment  its  completeness  and  usefulness,  until  at  length  it  has  attained  the  position 
of  a  recognized  and  standard  authority  wherever  the  language  is  spoken.     The  mechanical  exe- 
cution of  this  edition  will  be  found  greatly  superior  to  that  of  previous  impressions.    By  enlarging 
the  size  of  the  volume  to  a  royal  octavo,  and  by  the  employment  of  a  small  but  clear  type,  on 
extra  fine  paper,  the  additions  have  been  incorporated  without  materially  increasing  the  bulk  of 
the  volume,  and  the  matter  of  two  or  three  ordinary  octavos  has  been  compressed  into  the  space 
of  one  not  unhandy  for  consultation  and  reference. 

It  is  undoubtedly  the  most  complete  and  useful 
medical  dictionary  hitherto  published  in  this  country. 
— Chicago  Med.  Examiner,  February,  1S65. 

What  we  take  to  be  decidedly  the  best  medical  die- 


It  would  be  a  work  of  supererogation  to  bestow  a 
word  of  praise  upon  this  Lexicon.  We  can  only 
wonder  at  the  labor  expended,  for  whenever  we  refer 
to  its  pages  for  information  we  are  seldom  disap- 
pointed in  finding  all  we  desire,  whether  it  be  in  ac- 
centuation, etymology,  or  definition  of  terms. — New 
York  Medical  Journal,  November,  1865. 

It  would  be  mere  waste  of  words  in  us  to  express 
our  admiration  of  a  work  which  is  so  universally 
and  deservedly  appreciated.  The  most  admirable 
work  of  its  kind  in  the  English  language.  As  a  book 
of  reference  it  is  invaluable  to  the  medical  practi- 
tioner, and  in  every  instance  that  we  have  turned 
over  its  pages  for  information  we  have  been  charmed 
by  the  clearness  of  language  and  the  accuracy  of 
detail  with  which  each  abounds  We  cau  most  cor- 
dially and  confidently  commend  it  to  our  readers. — 
Glasgow  Medical  Journal,  January,  1866. 

A  work  to  which  there  is  no  equal  in  the  English 
language. — Edinburgh  Medical  Journal. 

It  is  something  more  than  a  dictionary,  and  some- 
thing less  than  an  encyclopaedia.  This  edition  of  the 
well-known  work  is  a  great  improvement  on  its  pre- 
decessors. The  book  is  oue  of  the  very  few  of  which 
it  may  be  said  with  truth  that  every  medical  man 
should  possess  it. — London  Medical  Times,  Aug\  26, 
186.V 

Few  works  of  the  class  exhibit  a  grander  monument 
of  patient  research  and  of  scientific  lore.  The  extent 
of  the  sale  of  this  lexicon  is  sufficient  to  testify  to  its 
usefulness,  and  to  the  great  service  conferred  by  Dr. 
Robley  Dunglison  on  the  profession,  and  indeed  on 
others,  by  its  issue. — London  Lancet,  May  13,  1S65. 

The  old  edition,  which  is  now  superseded  by  the 
new,  has  been  universally  looked  upon  by  the  medi- 
cal profession  as  a  work  of  immeuse  research  and 
great  value.  The  new  has  increased  usefulness  ;  for 
medicine,  in  all  its  branches,  has  been  making  such 
progress  that  many  new  terms  and  subjects  have  re- 
cently been  introduced:  all  of  which  may  be  found 
fully  defined  in  the  present  edition.  We  know  of  no 
other  dictionary  In  the  English  language  that  can 
bear  a  comparison  with  it  in  point  of  completeness  of 
subjects  and  accuracy  of  statement. — N.  Y.  Drug- 
gists' Circular,  1865. 

b'or  many  years  Dunglison's  Dictionary  has  been 
the  standard  book  of  reference  with  most  practition- 
ers iu  this  country,  and  we  can  certainly, commend 
this  work  to  the  renewed  confidence  and  regard  of 
our  readers. — Cincinnati  Lancet,  April,  1865. 


tionary  in  the  English  language.  The  present  edition 
is  brought  fully  up  to  the  adi-anced  state  of  science. 
For  many  a  long  year  "  Dunglison  "  has  been  at  our 
elbow,  a  constant  companion  and  friend,  and  we 
greet  him  in  his  replenished  and  improved  form  with 
especial  satisfaction. — Pacific  Med.  and  Surg.  Jour- 
nal, June  27,  1865. 

This  is,  perhaps,  the  book  of  all  others  which  the 
physician  or  surgeon  should  have  on  his  shelves.  It 
is  more  needed  at  the  present  day  than  a  few  years 
back. — C-r?iada  Med.  Journal,  July,  1S65. 

It  deservedly  stands  at  the  head,  and  cannot  be 
surpassed  in  excellence. — Buffalo  Med.  and  Surg. 
Journal,  April,  1865. 

We  can  sincerely  commend  Dr.  Dunglison's  work 
as  most  thorough,  scientific,  and  accurate.  We  have 
tested  it  by  searching  its  pages  for  new  terms,  which 
have  abounded  so  much  of  late  in  medical  nomen- 
clature, and  our  search  has  been  successful  in  every 
instance.  We  have  been  particularly  struck  with  the 
fulness  of  the  synonymy  and  the  accuracy  of  the  de- 
rivation of  words.  It  is  as  necessary  a  work  to  every 
enlightened  physician  as  Worcester's  English  Dic- 
tionary is  to  every  one  who  would  keep  up  his  know- 
ledge of  the  English  tongue  to  the  standard  of  the 
present  day.  It  is,  to  our  mind,  the  most  complete 
work  of  the  kind  with  which  we  are  acquainted. — 
Boston  Med.  and  Surg.  Journal,  June  22,  1865. 

We  are  free  to  confess  that  we  know  of  no  medieal 
dictionary  more  complete;  no  one  better,  if  so  well 
adapted  for  the  use  of  the  student;  no  one  that  may 
be  consulted  with  more  satisfaction  by  the  medical 
practitioner. — Am.  Jour.  Med.  Sciences,  April,  1865. 

The  value  of  the  present  edition  has  been  greatly 
enhanced  by  the  introduction  of  new  subjects  and 
terms,  and  a  more  complete  etymology  and  accentua- 
tion, which  renders  the  work  not  only  satisfactory 
and  desirable,  but  indispensable  to  the  physician. — 
Chicago  Med.  Journal,  April,  1S65. 

No  intelligent  member  of  the  profession  can  or  will 
be  without  it. — St.  Louii  Med.  and  Surg.  Journal, 
April,  1365. 

It  has  the  rare  merit  that  it  certainly  has  no  rival 
iu  the  English  language  for  accuracy  and  extent  of 
references. — London  Medical  Gazette. 


ff 


VBLYN  [RICHARD  D.),  M.D. 


A  DICTIONARY  OF  THE  TERMS  USED  IN  MEDICINE  AND 

THE  COLLATERAL  SCIENCES.  A  new  American  edition,  revised,  with  numerous 
additions,  by  Isaac  Hays,  M.D.,  Editor  of  the  "American  Journal  of  the  Medical 
Sciences."  In  one  large  royal  12mo.  volume  of  over  500  double-columned  pages;  extro 
cloth,  $1  50  ;  leather,  $2  00. 
It  is  the  best  book  of  definitions  we  kave,  and  ought  alway*  to  lie  af«a  tat  atadenl  k  table.—  Southtrn 
Med.  and  Surg.  Journal. 


Henry  C.  Lea's  Publications — {Manuals). 


J^EILL  {JOHN),  M.D.,     and      VMITH  {FRANCIS  G.),  M.D., 

Prof,  of  the  Institutes  of  Medicine  in  the  Univ.  of  Penna. 

AN    ANALYTICAL    COMPENDIUM   OF   THE   VARIOUS 

BRANCHES  OP  MEDICAL  SCIENCE;  for  the  Use  and  Examination  of  Students.  A 
new  edition,  revised  and  improved.  In  one  very  large  and  handsomely  printed  royal  12mo. 
volume,  of  about  one  thousand  pages,  with  374  wood  outs,  extra  cloth,  $4;  strongly  bound 
in  leather,  with  raised  bands,  $4  75. 


The  Compend  of  Drs.  Neill  and  Smith  is  incompara- 
bly the  must  valuable  work  of  its  class  ever  published 
•  in  this  country.  Attempts  have  been  made  in  various 
quarters  to  squeeze  Anatomy,  Physiology,  Surgery, 
the  Practice  of  Medicine,  Obstetrics,  Materia  Medica, 
and  Chemistry  into  a  single  manual;  but  the  opera- 
tion has  signally  failed  in  the  hands  of  all  up  to  the 
advent  of  "Neill  and  Smith's"  volume,  which  is  quite 
a  miracle  of  success.  The  outlines  of  the  ^hole  are 
admirably  drawn  and  illustrated,  and  the  authors 
are  eminently  entitled  to  the  grateful  consideration 
of  the  student  of  every  class. — N.  0.  Med.  and  Surg. 
Journal. 

There  are  but  few  students  or  practitioners  of  me- 
dicine unacquainted  with  the  former  editions  of  this 
unassuming  though  highly  instructive  work.  The 
whole  science  of  medicine  appears  to  have  been  sifted, 
as  the  gold-bearing  sands  of  El  Dorado,  and  the  pre- 


cious facts  treasured  up  in  this  little  volume.  A  com 
plete  portable  library  so  condensed  that  the  student 
may  make  it  his  constant  pocket  companion. —  West- 
ern Lancet. 

In  the  rapid  course  of  lectures,  where  work  for  the 
students  is  heavy,  and  review  necessary  for  an  exa- 
mination, a  compend  is  not  only  valuable,  but  it  is 
almost  a  sine  qua  non.  The  one  before  us  is,  in  most 
of  the  divisions,  the  most  unexceptionable  of  all  books 
of  the  kind  that  we  know  of.  Of  course  it  is  useless 
for  us  to  recommend  it  to  all  last  course  students,  but 
there  is  a  class  to  whom  we  very  sincerely  commend 
this  cheap  book  as  worth  its  weight  in  silver — that 
class  is  the  graduates  in  medicine  of  more  than  ten 
years'  standing,  who  have  not  studied  medicine 
since.  They  will  perhaps  find  out  from  it  that  the 
science  is  not  exactly  now  what  it  was  when  they 
left  it  off.  —  The  Stethoscope. 


TTARTSHORNE  {HENRY),  M.  D., 

Professor  of  Hygiene  in  the  University  of  Pennsylvania. 

A    CONSPECTUS    OF    THE    MEDICAL   SCIENCES;    containing 

Handbooks  on   Anatomy,    Physiology,  Chemistry,   Materia   Medica,    Practical   Medicine, 
Surgery,  and  Obstetrics.     In  one  large  royal  12mo.  volume  of  1000  closely  printed  pages, 
with  over  300  illustrations  on  wood,  extra  cloth,  $4  50  ;    leather,  raised  bands,  $5  25. 
(Noiv  Ready.) 
The  ability  of  the  author,   and  his  practical  skill  in  condensation,  give  assurance  that  this 
work  will  prove  valuable  not  only  to  the  student  preparing  for  examination,  but  also  to  the  prac- 
titioner desirous  of  obtaining  within  a  moderate  compass,  a  view  of  the  existing  condition  of  the 
various  departments  of  science  connected  with  medicine. 


This  work  is  a  remarkably  complete  one  in  its  way, 
and  comes  nearer  to  our  idea  of  what  a  Conspectus 
shwild  be  than  any  we  have  yet  seen.  Prof.  Harts- 
horne,  with  a  commendable  forethought,  intrusted 
the  preparation  of  many  of  the  chapters  on  special 
subjects  to  experts,  reserving  only  anatomy,  physio- 
logy, and  practice  of  medicine  to  himself.  As  a  result 
we  have  every  department  worked  up  to  the  latest 
dale  and  in  a  refreshingly  concise  and  lucid  manner. 
There  are  an  immense  amount  of  illustrations  scat- 
tered throughout  the  work,  and  although  they  have 
often  been  seen  before  in  the  various  works  upon  geu- 
eral  and  special  subjects,  yet  they  will  be  none  the 


less  valuable  to  the  beginner.  Every  medical  student 
who  desires  a  reliable  refresher  to  his  memory  when 
the  pressure  of  lectures  and  other  college  work  crowds 
to  prevent  him  from  having  an  opportunity  to  drink 
deeper  in  the  larger  works,  will  find  this  one  of  the 
greatest  utility.  It  is  thoroughly  trustworthy  from 
beginning  to  end ;.  and  as  we  have  before  intimated, 
a  remarkably  truthful  outline  sketch  of  the  present 
state  of  medical  science.  We  could  hardly  expect  it 
should  be  otherwise,  however,  under  the  charge  of 
such  a  thorough  medical  scholar  as  the  author  has 
already  proved  himself  to  be. — N.  York  Med.  Record, 
March  lo,  1869. 


J  UDLO  W  {J.  L.),  M.  D., 

A   MANUAL   OF   EXAMINATIONS   upon   Anatomy,   Physiology. 

Surgery,  Practice  of  Medicine,  Obstetrics,  Materia  Medica,  Chemistry,  Pharmacy,  and 
Therapeutics.  To  which  is  added  a  Medical  Formulary.  Third  edition,  thoroughly  revised 
and  greatly  extended  and  enlarged.  With  370  illustrations.  In  one  handsome  royal 
12mo.  volume  of  816"  large  pages,  extra  cloth,  $3  25;  leather,  $3  75. 
The  arrangement  of  this  volume  in  the  form  of  question  and  answer  renders  it  especially  suit- 
able for  the  office  examination  of  students,  and  for  those  preparing  for  graduation. 


/TANNER  {THOMAS  HAWSES),  M.  D.,  &c. 
A  MANUAL  OF  CLINICAL  MEDICINE 


AND  PHYSICAL  DIA«- 

NOSIS.  Third  American  from  the  Second  London  Edition.  Revised  and  Enlarged  by 
Tilbury  Fox,  M.  D.,  Physician  to  the  Skin  Department  in  University  College  Hospital, 
<fec.  In  one  neat  volume  small  12mo.,  of  about  375  pages,  extracloth.  $150.  (Now  Ready.) 
This  favorite  little  work  has  remained  out  of  print  for  some  years  in  consequence  of  the  pressing 
engagements  which  have  prevented  the  author  from  giving  it  the  thorough  revision  which  it  re- 
quired. The  great  advance  which  has  taken  place  of  late  in  the  means  and  appliances  for 
observation  and  diagnosis  has  necessitated  a  very  considerable  enlargement  of  the  work,  so  tha/t 
it  now  contains  about  one-half  more  matter  than  the  last  edition.  The  Laryngoscope,  Ophthalmo- 
scope, Sphygmograph,  and  Thermometer  have  received  special  attention.  The  chapter  on  the 
diagnostic  indications  afforded  by  the  Urine  has  been  much  enlarged,  and  a  section  has  been 
inserted  on  the  administration  of  Chloroform.  Special  attention  has  been  given  to  the  medical 
anatomy  of  regions  and  organs,  and  muchhasbeen  introduced  relative  to  pericardial,  endocardial, 
abdominal,  and  cerebro-spinal  diseases.  On  every  subject  coming  within  its  scope  such  additions 
hav«  been  made  as  seemed  essential  to  bring  the  book  on  a  level  with  the  most  advanced  eondt- 
tion  of  m«dical  knowledge  ;  and  it  is  hoped  that  it  will  continue  U  merit  the  very  great  favor 
with  which  it  has  hitherto  been  received. 


Henry  C.  Lea's  Publications — {Anatomy). 


QRAY  {HENRY),  F.R.S., 

Lecturer  on  Anatomy  at  St.  George's  Hospital,  London. 

ANATOMY,    DESCRIPTIVE    AND    SURGICAL.      The  Drawings  by 

H.  V.  Carter,  M.  D.,  late  Demonstrator  on  Anatomy  at  St.  George's  Hospital ;  the  Dissec- 
tions jointly  by  the  Author  and  Dr.  Carter.  Second  American,  from  the  second  revised 
and  improved  London  edition.  In  one  magnificent  imperial  octavo  volume,  of  over  800 
pages,  with  388  large  and  elaborate  engravings  on  wood.  Price  in  extra  cloth,  $6  00  j 
leather,  raised  bands,  $7  00. 

The  author  has  endeavored  in  this  work  to  cover  a  more  extended  range  of  subjects  than  is  cus-_ 
tomary  in  the  ordinary  text-books,  by  giving  not  only  the  details  necessary  for  the  student,  but 
also  the  application  of  those  details  in  the  practice  of  medicine  and  surgery,  thus  rendering  it  both 
a  guide  for  the  learner,  and  an  admirable  work  of  reference  for  the  active  practitioner.  The  en- 
gravings form  a  special  feature  in  the  work,  many  of  them  being  the  size  of  nature,  nearly  all 
original,  and  having  the  names  of  the  various  parts  prinjted  on  the  body  of  the  cut,  in  place  of 
figures  of  reference,  with  descriptions  at  the  foot.  They  thus  form  a  complete  and  splendid  series, 
which  will  greatly  assist  the  student  in  obtaining  a  clear  idea  of  Anatomy,  and  will  also  serve  to 
refresh  the  memory  of  those  who  may  find  in  the  exigencies  of  practice  the  necessity  of  recalling 
the  details  of  the  dissecting  room;  while  combining,  as  it  does,  a  complete  Atlas  of  Anatomy,  with 
a  thorough  treatise  on  systematic,  descriptive,  and  applied  Anatomy,  the  work  will  be  found  of 
essential  use  to  all  physicians  who  receive  students  in  their  offices,  relieving  both  preceptor  and 
pupil  of  much  labor  in  laying  the  groundwork  of  a  thorough  medical  education. 

Notwithstanding  its  exceedingly  low  price,  the  work  will  be  found,  in  every  detail  of  mechanical 
execution,  one  of  the  handsomest  that  has  yet  been  offered  to  the  American  profession ;  while  the 
careful  scrutiny  of  a  competent  anatomist  has  relieved  it  of  whatever  typographical  errors  existed 
in  the  English  edition. 


Thus  it  is  that  book  after  book  makes  the  labor  of 
the  student  easier  than  before,  a-nd  since  we  have 
seen  Blanchard  &  Lea's  new  edition  of  Gray's  Ana- 
tomy, certainly  the  finest  work  of  the  kind  now  ex- 
tant" we  would  fain  hope  that  the  bugbear  of  medical 
students  will  lose  half  its  horrors,  and  this  necessary 
foundation  of  physiological  science  will  be  much  fa- 
cilitated and  advanced. — N.  O.  Med.  News. 

The  various  points  illustrated  are  marked  directly 
on  the  structure;  that  Is,  whether  it  be  muscle,  pro- 
cess, artery,  nerve,  valve,  etc.  etc. — we  say  each  point 
is  distinctly  marked  by  lettered  engravings,  so  that 
the  student  perceives  at  once  each  point  described  as 
readily  as  if  pointed  out  on  the  subject  by  the  de- 
monstrator. Most  of  the  illustrations  are  thus  ren- 
dered exceedingly  satisfactory,  and  to  the  physician 
they  serve  to  refresh  the  memory  with  great  readiness 


and  with  scarce  a  reference  to  the  printed  text.  The 
surgical  application  of  the  various  regions  is  also  pre- 
sented with  force  and  clearness,  impiessing  upon  the 
student  at  each  step  of  his  research  all  the  important 
relations  of  the  structure  demonstrated. — Cincinnati 
Lancet. 

This  is,  we  believe,  the  handsomest  book  on  Aaa- 
tomy  as  yet  published  in  our  language,  and  bids  fair 
to  become  in  a  short  time  the  standard  text-book  of 
our  colleges  and  studies.  Students  and  practitioners 
will  alike  appreciate  this  book.  We  predict  for  it  a 
bright  career,  and  are  fully  prepared  to  endorse  the 
statement  of  the  London  Lancet,  that  "  We  are  not 
acquainted  with  any  work  in  any  language  which 
can  take  equal  rank  with  the  one  before  us."  Paper, 
printing,  binding,  all  are  excellent,  and  we  feel  that 
•a  grateful  profession  will  not  allow  the  publishers  to 
go  unrewarded. — Nashville  Med.  and  Surg.  Journal. 


OMITH  {HENRY H.),  M.D.,         and  JJORNER  {  WILLIAM  E.),  M.D., 

Prof,  of  Surgery  in  the  Univ.  of  Penna.,  &c.  Late  Prof  of  Anatomy  in  the- Univ.  of  Penna.,  &c- 

AN    ANATOMICAL    ATLAS,  illustrative   of  the   Structure  of  the 

Human  Body.     In  one  volume,  large  imperial  octavo,  extra  cloth,  with  about  six  hundred 
and  fifty  beautiful  figures.     $4  50. 

The  plan  of  this  Atlas,  which  renders  it  so  pecu-  I  the  kind  that  has  yet  appeared;  and  we  must  add, 
Jiarly  convenient  for  the  student,  and  its  superb  ar-  |  the  very  beautiful  manner  in  which  it  is  "got  up" 
tistical  execution,  have  beeu  already  pointed  out.  We     is  so  creditable  to  the  country  as  to  be  flattering  to 
must  congratulate  the  student  upon  the  completion     our  national  pride. — American  Medical  Journal. 
of  this  Atlas,  as  it  is  the  most  convenient  work  of  I 


TTARTSHORNE  {HENRY).  M.  D., 

-^  Professor  of  Hygiene,  etc.,  in  the  University  of  Pennsylvania. 

A 


HAND-BOOK  OF  HUMAN   ANATOMY  AND  PHYSIOLOGY, 

for  the  use  of  Students,  with  17fi  illustrations.     In  one  volume,  royal  12mo.  of  312  pages; 


extra  cloth,  $1  75.      (Now  Rendu.) 


VHARPEY  { WILL  I  A  M),M.D.,     and       QUA  IN  {JONES  $•  RICH  A  RD). 
HUMAN  ANATOMY.   Revised,  with  Notes  and  Additions,  by  Joseph 

Leidy,  M.D.,  Professor  of  Anatomy  in  the  University  of  Pennsylvania.     Complete  in  two 
large  octavo  volumes,  of  about  1300  pages,  with  511  illustrations;  extra  cloth,  $6  00. 
The  very  low  price  of  this  standard  work,  and  its  completeness  in  all  departments  of  the  subject, 
should  command  for  it  a  place  in  the  library  of  all  anatomical  students. 

ALLEN  {J.  M.),  M.D. 
THE  PRACTICAL  ANATOMIST;  or,  The  Student's  Guide  tn  the 

Dissecting  Room.     With  266  illustrations.     In  one  very  handsome  royal  12mo.  volume, 
of  over  600  pages;  extra  cloth,  $2  06. 
Oue  of  the  most  useful  works  upon  the  subject  ever  written. — Medical  Examiner. 


Henry  C.  Lea's  Publications — (Anatomy). 


JfriLSON  {ERASMUS),  F.R.S. 
A  SYSTEM  OF  HUMAN  ANATOMY,  General  and  Special.     A  new 

and  revised  American,  from  the  last  and  enlarged  English  edition.     Edited  by  W.  II.  Go- 
brecht,  M.  D.,  Professor  of  General  and  Surgical  Anatomy  in  the  Medical  College  of  Ohio. 
Illustrated  with  three  hundred  and  ninety-seven  engravings  on  wood.     In  one  large  and 
handsome  octavo  volume,  of  over  600  large  pages;  extra  cloth,  $4  00;  leather,  $5  00. 
The  publisher  trusts  that  the  well-earned  reputation  of  this  long-established  favorite  will  be 
more  than  maintained  by  the  present  edition.     Besides  a  very  thorough  revision  by  the  author,  it 
has  been  most  carefully  examined  by  the  editor,  and  the  efforts  of  both  have  been  directed  to  in- 
troducing everything  which  increased  experience  in  its  use  has  suggested  as  desirable  to  render  it 
a  <omplete  text-book  for  those  seeking  to  obtain  or  to  renew  an  acquaintance  with  Human  Ana- 
tomy.    The  amount  of  additions  which  it  has  thus  received  may  be  estimated  from  the  fact  that 
th^  present  edition  contains  over  one-fourth  more  matter  than  the  last,  rendering  a  smaller  type 
and  an  enlarged  page  requisite  to  keep  the  volume  within  a  convenient  size.     The  author  has  not 
only  thus  added  largely  to  the  work,  but  he  has  also  made  alterations  throughout,  wherever  there 
appeared  the  opportunity  of  improving  the  arrangement  or  style,  so  as  to  present  every  fact  in  its 
most  appropriate  manner,  and  to  render  the  whole  as  clear  and  intelligible  as  possible.    The  editor 
has  exercised  the  utmost  caution  to  obtain  entire  accuracy  in  the  text,  and  has  largely  increased 
the  number  of  illustrations,  of  which  there  are  about  one  hundred  and  fifty  more  in  this  edition 
than  in  the  last,  thus  bringing  distinctly  before  the  eye  of  the  student  everything  of  interest  or 
importance. 

T>Y  THE  SAME  AUTHOR. 

THE  DISSECTOR'S   MANUAL;   or,  Practical  and  Surgical  Ana- 

tomy.  Third  American,  from  the  last  revised  and  enlarged  English  edition.  Modified  and 
rearranged  by  AVilliam  Hunt,  M.D.,  late  Demonstrator  of  Anatomy  in  the  University  of 
Pennsylvania.  In  one  large  and  handsome  royal  12mo.  volume,  of  582  pages,  with  154 
illustrations;  extra  cloth,     $2  00. 


TTODGES,   {RICHARD  3L),  31. D., 

•*■-*-  Late  Demonstrator  of  Anatomy  in  the  Medical  Department  of  Harvard  University. 

PRACTICAL  DISSECTIONS.     Second  Edition,  thoroughly  revised.     In 

one  neat  royal  12mo.  volume,  half-bound,  $2  00.  (Jtist  Issued.) 
The  object  of  this  work  is  to  present  to  the  anatomical  student  a  clear  and  concise  description 
o  that  which  he  is  expected  to  observe  in  an  ordinary  course  of  dissections.  The  author  has 
endeavored  to  omit  unnecessary  details,  and  to  present  the  subject  in  the  form  which  many  years' 
experience  has  shown  him  to  be  the  most  convenient  and  intelligible  to  the  student.  In  the 
revision  of  the  present  edition,  he  has  sedulously  labored  to  render  the  volume  more  worthy  of 
the  favor  with  which  it  has  heretofore  been  received. 


JIJACLISE  {JOSEPH). 

SURGICAL   ANATOMY.      By  Joseph  Macltse,  Surgeon.     In  one 

volume,  very  large  imperial  quarto;  with  68  large  and  splendid  plates,  drawn  in  the  best 
style  and  beautifully  colored,  containing  190  figures,  many  of  them  the  size  of  life;  together 
with  copious  explanatory  letter-press.      Strongly  and  handsomely  bound  in  extra  cloth. 
Price  $14  00. 
As  no  complete  work  of  the  kind  has  heretofore  been  published  in  the  English  language,  the 
present  volume  will  supply  a  want  long  felt  in  this  country  of  an  accurate  and  comprehensive 
Atlas  of  Surgical  Anatomy,  to  which  the  student  and  practitioner  can  at  all  times  refer  to  ascer- 
tain the  exact  relative  positions  of  the  various  portions  of  the  human  frame  towards  each  other 
and  to  the  surface,  as  well  as  their  abnormal  deviations.     The  importance  of  such  a  work  to  the 
student,  in  the  absence  of  anatomical  material,  artd  to  practitioners,  either  for  consultation  in 
emergencies  or  to  refresh  their  recollections  of  the  dissecting  room,  is  evident.     Notwithstanding 
the  large  size,  beauty  and  finish  of  the  very  numerous  illustrations,  it  will  be  observed  that  the 
price  is  so  low  as  to  place  it  within  the  reach  of  all  members  of  the  profession. 

We  know  of  no  work  on  surgical  anatomy  which 
can  compete  with  it. — Lancet. 
The  work  of  Maclise  on  surgical  anatomy  is  of  the 


refreshed   by  those   clear  and   distinct  dissections, 
which  every  one  must  appreciate  who  has  a  particle 
of  enthusiasm.     The  English  medical  press  has  quite 
exhausted  the  words  of  praise,  in  recommending  this 
admirable  treatise.     Those  who  have  any  curiosity 
to  gratify,  in   reference  to  the  perfectibility  of  the 
lithographic  art  in  delineating  the  complex  mechan- 
ism of  the  human  body,  are  invited  to  examine  our 
specimen  copy.     If  anything  will  induce  surgeons 
No  such  lithographic  illustrations  of  surgical  re-  I  and  students  to  patronize  a  book  of  such  rare  value 
gions  have  hitherto,  we  think,  been  given.     While  I  and  everyday  importance  to  them,  it  will  be  a  survey 
the  operator  is  shown  eveiy  vessel  and  nerve  where  i  of  the  artistical  skill  exhibited  in  these  fac-similes  of 
an  operation  is  contemplated,  the  exact  anatomist  is  |  nature. — Boston  Med.  and  Surg.  Journal. 


highest  value.  In  some  respects  it  is  the  best  publi- 
cation of  its  kind  we  have  seen,  and  is  worthy  of  a 
place  in  the  libiary  of  any  medical  man,  while  the 
student  could  scarcely  make  a  better  investment  than 
this. — The  Western  Journal  of  Medicine  and  Surgery. 


HORNER'S  SPECIAL  ANATOMY  AND  HISTOLOGY.  I  PEASLEE'S  HUMAN  HISTOLOGY,  in  its  relations 
Eighth  edition,  extensively  revised  and  modified.  to  Anatomy,  Physiology,  and  Pathology  With 
In  2  vols.  8vo.,  of  over  1000  pages,  with  more  than  431  illustrations.  In  1  vol.  Svo  ,  of  over  600  pages 
300  wood-cuts  ;  axtra  •loth,  ijitj  00.  I      extra  cloth,  $3  75. 


Henry  C.  Lea's  Publications — {Physiology). 


MARSHALL  (JOHN),  F.  R.  S. 

JJM.  Professor  of  Surgery  in  University  College,  London,  &e. 

OUTLINES  OF  PHYSIOLOGY,  HUMAN  AND  COMPARATIVE. 

With  Additions  by  Francis  Gurney  Smith,  M.  D.,  Professor  of  the  Institutes  of  Medi- 
cine in  the  University  of  Pennsylvania,  &c.  With  numerous  illustrations.  In  one  large 
and  handsome  octavo  volume,  of  1026  pages,  extra  cloth,  $6  50  ;  leather,  raised  bands, 
$7  50.      (Now  Ready.) 

ern  physiological  science,  both  human  and  compara- 
tive, with  which  we  are  acquainted.  To  speak  of 
this  work  in  the  terms  ordinarily  used  on  such  occa- 
sions wonld  not  be  agreeable  to  ourselves,  and  would 
fail  to  do  justice  lo  its  author.  To  write  such  a  book 
requires  a  varied  and  wide  range  of  knowledge,  con- 
siderable power  of  analysis,  correct  judgment,  skill 
in  arrangement,  and  conscientious  spirit.  It  must 
have  entailed  great  labor,  but  now  that  the  task  has 
been  fulfilled,  the  book  will  prove  not  only  invaluable 
to  the  student  of  medicine  and  surgery,  but  service- 
able to  all  candidates  in  natural  science  examinations, 
to  teachers  in  schools,  and  to  the  lover  of  nature  gene- 
rally. In  conclusion,  we  can  only  express  the  con- 
viction that  the  merits  of  the  work  will  command  for 
it  that  success  which  the  ability  and  vast  labor  dis- 
played in  its  production  so  well  deserve. — London 
Lancet,  Feb.  22,  1868. 

If  the  possession  of  knowledge,  and  peculiar  apti- 
tude and  skill  in  expounding  it,  qualify  a  man  to 
write  an  educational  work,  Mr.  Marshall's  treatise 
might  be  reviewed  favorably  without  even  opening 
the  covers.  There  are  few,  if  any,  more  accomplished 
anatomists  and  physiologists  than  the  distinguished 
professor  of  surgery  at  University  College;  and  he 
has  long  enjoyed  the  highest  reputation  as  a  teacher 
of  physiology,  possessing  remarkable  powers  of  clear 
exposition  and  graphic  illustration.  We  have  rarely 
the  pleasure  of  being  able  to  recommend  a  text-hook 
so  unreservedly  as  this. — British  Med.  Journal,  Jan. 
25,  1868. 


In  fact,  in  every  respect,  Mr.  Marshall  has  present- 
ed us  with  a  most  complete,  reliable,  and  scientific 
work,  and  we  feel  that  it  is  worthy  our  warmest 
commendation. — St.  Louis  Med.  Reporter,  Jan.  1869. 

This  is  an  elaborate  and  carefully  prepared  digest 
of  human  and  comparative  physiology,  designed  for 
the  use  of  general  readers,  but  more  especially  ser- 
viceable to  the  student  of  medicine.  Its  style  is  con- 
cise, clear,  and  scholarly;  its  order  perspicuous  and 
exact,  and  its  range  of  topics  extended.  The  author 
aud  his  American  editor  have  been  careful  to  bring 
to  the  illustration  of  the  subject  the  important  disco- 
veries of  modern  science  in  the  various  cognate  de- 
partments of  investigation.  This  is  especially  visible 
in  the  variety  of  interesting  information  derived  from 
the  departments  of  chemistry  and  physics.  The  great 
amount  and  variety  of  matter  contained  in  the  work 
is  strikingly  illustrated  by  turniDg  over  the  copious 
index,  covering  twenty-four  closely  printed  pages  in 
double  columns  — Silliman's  Journal,  Jan.  1869. 

We  doubt  if  there  is  in  the  English  language  any 
compend  of  physiology  more  useful  to  the  student 
than  this  work.— St.  Louis  Med.  and  Surg.  Journal, 
Jan.  1869. 

It  quite  fulfils,  in  our  opinion,  the  author's  design 
of  making  it  truly  educational  \  nits  character — which 
is,  perhaps,  the  highest  commendation  that  can  he 
asked. — Am.  Journ.  Med.  Sciences,  Jan.  1869. 

We  may  now  congratulate  him  on  having  com- 
pleted the  latest  as  well  as  the  best  summary  of  mod- 
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ARPENTER  {WILLIAM  D.),  M.D.,  F.R.S.,         „  ■  • . 

Examiner  in  Physiology  and  Comparative  Anatomy  in  the  University  of  London. 

PRINCIPLES  OF  HUMAN  PHYSIOLOGY;  with  their  chief  appli- 
cations to  Psychology,  Pathology,  Therapeutics,  Hygiene  and  Forensic  Medicine.  A  new 
American  from  the  last  and  revised  London  edition.  With  nearly  three  hundred  illustrations 
Edited,  with  additions,  by  Francis  Gurnky  Smith,  M.  D.,  Professor  of  the  Institutes  of 
Medicine  in  the  University  of  Pennsylvania,  &c.  In  one  very  large  and  beautiful  octavo 
volume,  of  about  900  large  pages,  handsomely  printed;  extra  cloth,  $5  50 ;  leather,  raised 

bands,  $6  50. 

We  doubt  not  it  is  destined  to  retain  a  strong  hold 
on  public  favor,  and  remain  the  favorite  text-book  in 
our  colleges. — Virginia  Medical  Journal. 


The  above  is  the  title  of  what  is  emphatically  the 
treat  work  on  physiology  :  and  we  are  conscious  that 
it  would  be  a  useless  effort  to  attempt  to  add  any- 
thing to  the  reputation  of  this  invaluable  work,  and 
can  ouly  say  to  all  with  whom  our  opinion  has  any 
intluence,  that  it  is  our  authority. — Atlanta  Med. 
Journal. 


With  Dr.  Smith,  we  confidently  believe  "that  the 
present  will  more  than  sustain  the  enviable  reputa- 
tion already  attained  by  former  editions,  of  being 
one  of  the  fullest  and  most  complete  treatises  on  the 
subject  in  the  English  language."  We  know  of  none 
from  the  pages  of  which  a  satisfactory  knowledge  of 
the  physiology  of  the  human  organism  can  be  as  well 
obtained,  none  better  Adapted  for  the  use  of  such  as 
take  up  the  study  of  physiology  in  its  reference  tof 
the  institutes  and  practice  ef  medicine. — Am.  Jour. 
Med.  Sciences. 
L>Y  THE  SAME  AUTHOR.  

PRINCIPLES  OF  COMPARATIVE  PHYSIOLOGY.    New  Ameri- 
can, from  the  Fourth  and  Revised  London  Edition.     In  one  large  and  handsome  octavo 
volume,  with  over  three  hundred  beautiful  illustrations     Pp.  752.    Extra  cloth,  $5  00. 
As  a  complete  and  oondensed  treatise  on  its  extended  and  important  subject,  this  work  becomes 
a  necessity  to  students  of  natural  science,  while  the  very  low  price  at  which  it  is  offered  places  it 
within  the  reach  of  all. 
TOY  THE  SAME  AUTHOR. 

THE  MICROSCOPE  AND   ITS  REVELATIONS.     Illustrated   by 

four  hundred  and  thirty-four  beautiful  engravings  on  wood.     In  one  large  and  very  hand- 
some octavo  volume,  of  724  pages,  extra  cloth,  $5  25. 

JT'IRKES  {WILLIAM  SENHOUSE),  M.D., 

A  MANUAL  OF  PHYSIOLOGY.     A  new  American  from  the  third 

With  two  hundred  illustrations.     In  one  large  and  hand- 
Extra  cloth,  $2  25  ;  leather?  $2  75. 

lent  guide  in  the  study  of  physiology  in  its  most  ad- 
vanced and  perfect  form.  The  author  has  shown 
himself  capable  of  giving  details  sufficiently  ampre 
in  a  condensed  and  concentrated  shape,  ou  a  science 


and  improved  London  edition 
some  royal  12mo.  volume.     Pp.  586. 
It  is  at  once  convenient  in  size,  comprehensive  in 
design,  and  concise  in  statement,  and  altogether  well 
adapted  for  the  purpose  designed.— -St.  Louis  Med. 
and  Surg.  Journal. 

The  physiological  reader  will  find  It  a  most  exoel- 


in- which  it  is  necessary  at  once  to  be  correct  and  not 
lengthened.— Edinburgh  Med.  and  Surg.  Journal. 


Henry  C.  Lea's  Publications — {Physiology). 


T) ALTON  {J.  C),  M.D., 

■*-'  Professor  of  Physiology  in  the  College  of  Physicians  and  Surgeons,  New  York,  &c. 

A  TREATISE  ON  HUMAN  PHYSIOLOGY.    Designed  for  the  use 

of  Students  and  Practitioners  of  Medicine.  Fourth  edition,  revised,  with  nearly  three  hun- 
dred illustrations  on  wood.  In  one  very  beautiful  octavo  volume,  of  about  700  pages,  extra 
cloth,  $5  25  j  leather,  $6  25.     {Just  Issued.) 

From  the  Preface  to  the  Keio  Edition. 
"  The  progress  made  by  Physiology  and  the  kindred  Sciences  during  the  last  few  years  has  re- 
quired, for  the  present  edition  of  this  work,  a  thorough  and  extensive  revision.  This  progress 
has  not  consisted  in  any  very  striking  single  discoveries,  nor  in  a  decided  revolution  in  any  of 
the  departments  of  Physiology;  but  it  has  been  marked  by  great  activity  of  investigation  in  a 
multitude  of  different  directions,  the  combined  results  of  which  have  not  failed  to  impress  a  new 
character  on  many  of  the  features  of  physiological  knowledge.  ...  In  the  revision  and 
correction  of  the  present  edition,  the  author  has  endeavored  to  incorporate  all  such  improve- 
ments in  physiological  knowledge  with  the  mass  of  the  text  in  such  a  manner  as  not  essentially 
to  alter  the  structure  and  plan  of  the  work,  so  far  as  they  have  been  found  adapted  to  the  wants 
and  convenience  of  the  reader.  .  .  .  Several  new  illustrations  are  introduced,  some  of  them 
as  additions,  others  as  improvements  or  corrections  of  the  old.  Although  all  parts  of  the  book 
have  received  more  or  less  complete  revision,  the  greatest  number  of  additions  and  changes  were 
required  in  the  Second  Section,  on  the  Physiology  of  the  Nervous  System." 


The  advent  of  the  first  edition  of  Prof.  Dalton's 
Physiology,  about  eight  years  ago,  marked  a  new  era 
iu  the  study  of  physiology  to  the  American  student. 
Under  Dalton's  skilful  management,  physiological 
science  threw  off  the  long,  loose,  ungainly  garments 
of  probability  and  surmise,  in  which  it  had  been  ar- 
rayed by  most  artists,  and  came  among  us  smiliug 
and  attractive,  in  the  beautifully  tinted  and  closely 
fitting  dress  of  a  demonstrated  science.  It  was  a 
stroke  of  genius,  as  well  as  a  result  of  erudition  and 
talent,  that  led  Prof.  Dalton  to  present  to  the  world 
a  work  on  physiology  at  once  brief,  pointed,  and  com- 
prehensive, and  which  exhibited  plainly  iu  letter  and 
drawings  the  basis  upon  which  the  conclusions  ar- 
rived at  rested.  It  is  no  disparagement  of  the  many 
excellent  works  on  physiology,  published  prior  to 
that  of  Dalton,  to  say  that  none  of  them,  either  in 
plan  of  arrangement  or  clearness  of  execution,  could 
be  compared  with  his  for  the  use  of  students  or  gene- 
ral practitiouers  of  medicine.  For  this  purpose  his 
book  has  no  equal  in  the  English  language. —  Western 
Journal  of  Medicine,  Nov.  1867. 

A  capital  text-book  in  every  way.  We  are,  there- 
fore, glad  to  see  it  in  its  fourth  edition.  It  has  already 
been  examinedat  full  length  in  these  columns,  so  that 
we  need  not  now  further  advert  to  it  beyond  remark- 
ing that  both  revision  and  enlargement  have  been 
most  judicious. — London  Med.  Times  and  Gazette, 
Oct    19,  1S67. 

No  better  proof  of  the  value  of  this  admirable 
work  could  be  produced  than  the  fact  that  it  has  al- 
ready reached  a  fourth  edition  in  the  short  space  of 
eight  years.     Possessing  in  an  eminent  degree  the 


merits  of  clearness  and  condensation,  and  being  fully 
brought  up  to  the  present  level  of  Physiology,  it  is 
undoubtedly  one  of  the  most  reliable  text-books 
upon  this  science  that  could  be  pla<"»d  in  the  hands 
of  the  medical  student. — Am.  Journal  Med  Sciences, 
Oct.  1867. 

Prof.  Dalton's  work  has  such  a  well-established 
reputation  that  it  does  not  stand  in  need  of  any  re- 
commendation. Ever  since  its  first  appearance  it  has 
become  the  highest  authority  in  the  English  language ; 
and  that  it  is  able  to  maintain  the  enviable  position 
which  it  lias  taken,  the  rapid  exhaustion  of  the  dif- 
ferent successive  editions  is  sufficient  evidence.  The 
present  edition,  which  is  the  fourth,  has  been  tho- 
roughly revised,  and  enlarged  by  the  incorporation 
of  all  the  many  important  advances  which  have 
lately  been  made  in  this  rapidly  progressing  science. 
—N.  Y.  Med.  Record,  Oct.  15,  1867. 

As  it  stands,  we  esteem  it  the  very  best  of  the  phy- 
siological text-books  for  the  student,  and  the  most 
concise  reference  and  guide-book  for  the  practitioner. 
— N.  Y.  Med.  Journal,  Oct.  1867. 

The  present  edition  of  this  now  standard  work  fully 
sustains  the  high  reputation  of  its  accomplished  au- 
thor. It  is  not  mex'ely  a  reprint,  but  has  been  faith- 
fully revised,  and  enriched  by  such  additions  as  the 
progress  of  physiology  has  rendered  desirable  Taken 
as  a  whole,  it  is  unquestionably  the  most  reliable  and 
useful  treatise  on  the  subject  that  has  been  issued 
from  the  American  press. — Chicago  Med.  Journal, 
Sept.  1867. 
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UNGLISON  {ROBLEF),  M.D., 

Professor  of  Institutes  of  Medicine  in  Jefferson  Medical  College,  Philadelphia. 

HUMAN  PHYSIOLOGY.     Eighth  edition.     Thoroughly  revised  and 

extensively  modified  and  enlarged,  with  five  hundred  and  thirty-two  illustrations.     In  two 
large  and  handsomely  printed  octavo  volumes  of  about  1500  pages,  extra  cloth.     $7  00. 


JEHMANN  (C  G.) 
'  PHYSIOLOGICAL  CHEMISTRY.  Translated  from  the  second  edi- 
tion by  George  E  Day,  M.  D.,  F.  R.  S.,  Ac,  edited  by  R.  E.  Rogers,  M.  D.,  Professor  of 
Chemistry  in  the  Medical  Department  of  the  University  of  Pennsylvania,  with  illustrations 
selected  from  Funke's  Atlas  of  Physiological  Chemistry,  and  an  Appendix  of  plates.  Com- 
plete in  two  large  and  handsome  octavo  volumes,  containing  1200  pages,  with  nearly  two 
hundred  illmtxations,  extra  cloth.     $6  00. 

Y  THE  SAME  AVTHOR. 

MANUAL  OF  CHEMICAL  PHYSIOLOGY.     Translated  from  the 

German,  with  Notes  and  Additions,  by  J    Cheston  Morris,  M.  D.,  with  an  Introductory 
Essay  on  Vital  Force,  by  Professor  Samuel  Jackson,  M.  D.,  of  the  University  of  Pennsyl- 

In  one  very  handsome  octavo  volume  of  336  pages 


B 


vania.     With  illustrations  on  wood, 
extra  cloth.     $2  25. 


M. 


D.  F.R.S.,  and  J^OWMAN  {W.),  F.R.S. 


rpODD  {ROBERT  B. 

THE    PHYSIOLOGICAL   ANATOMY   AND   PHYSIOLOGY    OF 

MAN.     With  about  three  hundred  large  and  beautiful  illustrations  on  wood.     Complete  in 
one  large  octavo  volume  of  950  pages,  extra  cloth.     Price  $4  75. 
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JDRANBE  (  WM.  21),  D.  C.L.,  and    /TAYLOR  {ALFRED  S.),  M.D.,  F.R.S. 
CHEMISTRY.     Second  American  edition,  thoroughly  revised  bj  Dr. 

Taylor.     In  one  handsome  8vo.  volume  of  764  pages,  extra  cloth,  $5  00  ;  leather,  $6  00. 
(Just  Issued.) 

From  Dr.  Taylor?s  Preface. 

"The  revision  of  the  second  edition,  in  consequence  of  the  death  of  my  lamented  colleague, 
has  devolved  entirely  upon  myself.  Every  chapter,  and  indeed  every  page,  has  been  revised, 
and  numerous  additions  made  in  all  parts  of  the  volume.  These  additions  have  been  restricted 
chiefly  to  subjects  having  some  practical  interest,  and  they  have  been  made  as  concise  as  possible, 
in  order  to  keep  the  book  within  those  limits  which  may  retain  for  it  the  character  of  a  Student's 
Manual  " — London,  June  29,  1867. 

A  book  that  has  already  so  established  a  reputa-  |  This  second  American  edition  of  an  excellent  trea- 
tion,  as  has  Brande  and  Taylor's  Chemistry,  can  tise  on  chemical  science  is-uoia  mere  republication 
hardly  need  a  notice,  save  to  mention  the  additions  |  from  the  English  press,  but  is  a  revision  and  en- 
and  improvements  of  the  edition.  Doubtless  the  i  largement  of  the  original,  under  the  supervision  of 
work  will  long  remain  a  favorite  text-book  in  the  !  the  surviving  author,  Dr.  Taylor, 
schools,  as  well  as  a  convenient  book  of  reference  for 
all.—  N.  Y.  Medical  Gazette,  Oct.  12,  1867. 


The  favorable 
opinion  expressed  on  the  publication  of  the  former 
edition  of  this  work  is  fully  sustained  by  (he  present 
revision,  in  which  Dr.  T.  has  increased  the  size  of 
the  volume,  by  an  addition  of  sixty-eight  pages. — Am. 


For  this  reason  we  hail  with  delight  the  republica- 
tion, in  a  form  which  will  meet  with  general  approval  |  'journ.  Med.  Sciences,  Oct.  1S67. 
and  command  public  attention,  of  this  really  valua- 
ble standard  work  on  chemistry — more  particularly 
as  it  has  been  adapted  with  such  care  to  the  wants  of 
the  general  public.     The  well  known  scholarship  of 


The  Handbook  in  Chemistry  of  the  Student. — 
For  clearness  of  language,  accuracy  of  description, 
extent  of  information,  and  freedom   from  pedantry 


its  authors,  and  their  extensive  researches  for  many  ]  and  mysticism   do  other  text-book  comes  into  corn- 
years  in  experimental  chemistry,  have  been  long  ap-    Petition  with  it.— The  Lancet. 

predated  in  the  scientific  world,  but  in  this  work  they  The  authors  set  out  with  the  definite  purpose  of 
have  been  careful  to  give  the  largest  possible  amount  \  writing  a  book  which  shall  be  intelligible  to  any 
of  information  with  the  most  sparing  use  of  technical  I  educated  man.  Thus  conceived,  and  worked  out  in 
terms  and  phraseology,  so  as  to  furnish  the  reader,  j  the  most  sturdy,  common-sense  method,  this  book 
"whether  a  student  of  medicine,  or  a  man  of  the  gives  in  the  clearest  and  most  summary  method 
world,  with  a  plain  introduction  to  the  science  and  possible  all  the  facts  and  doctrines  of  chemistry.— 
practice  of  chemistry." — Journal  of  Applied  Ohem-  i  Medical  Times. 
istry,  Oct.  1S67.  [ 

D LING  {WILLIAM). 

Lecturer  on  Chemistry,  at  St.  Sartholomeio's  Hospitxl,  Ac. 

A  COURSE  OF  PRACTICAL  CHEMISTRY,  arranged  for  the  Use 

of  Medicnl  Students.    With  Illustrations.    From  the  Fourth  and  Revised  London  Edition. 
In  one  neat  royal  12mo.  volume,  extra  cloth.     $2.      (Just  Ready.) 


0 


J>0  WMAN  {JOHN  E.) ,  31.  D. 

PRACTICAL  HANDBOOK  OF  MEDICAL  CHEMISTRY.    Edited 

by  C.  L.  Bloxam,  Professor  of  Practical  Chemistry  in  King's  College,  London.  Fourth 
American,  from  the  fourth  and  revised  English  Edition.  In  one  neat  volume,  royal  12mo., 
pp.  351,  with  numerous  illustrations,  extra  cloth.     §2  25. 


The  fourth  edition  of  this  invaluable  text-book  of 
Medical  Chemistry  was  published  in  England  in  Octo- 
ber of  the  last  year.  The  Editor  has  brought  down 
the  Handbook  to  that  date,  introducing,  as  far  as  was 
compatible  with  the  necessary  conciseness  of  such  a 
work,  all   the  valuable  discoveries  in   the  science 


which  have  come  to  light  since  the  previous  edition 
was  printed.  The  work  is  indispensable  to  every 
student  of  medicine  or  enlightened  practitioner.  It 
is  printed  in  clear  type,  and  the  illustrations  are 
numerous  and  intelligible. — Boston  Med.  and  Surg. 
Journal. 


BY 


THE  SAME  AUTHOR. 


INTRODUCTION   TO   PRACTICAL  CHEMISTRY,  INCLUDING 

ANALYSIS.     Fourth  American,  from  the  fifth  and  revised  London  edition.     With  numer- 
ous illustrations.     In  one  neat  vol.,  royal  12mo.,  extra  cloth.     $2  25.      (Just  Issued.) 
One  of  the  most  complete  manuals  that  has  far  a  |  It  is  by  far  the  best  adapted  for  the  Chemical  student 
long    time  been    given    to  the    medical    student. —    of  any  that  has  yet  fallen  in  our  way. — British  and 
Athenmum.  |  Foreign  Medico-Chirurgical  Review. 

We  regard  it  as  realizing  almost  everything  to  be  I      The  best  introductory  work  on  the  subject  with 
desired  in  an  introduction  to  Practical  Chemistry.  |  which  we  are  acquainted. — Edinburgh  Monthly  Jour. 


(1 RAH AM  {THOMAS),  F.R.S. 

^THE   ELEMENTS  OF  INORGANIC  CHEMISTRY,  including  the 

Applications  of  the  Science  in  the  Arts.  New  and  much  enlarged  edition,  by  IIenry 
Watts  and  Robert  Bridges,  M.  D.  Complete  in  one  large  and  handsome  octavo  volume, 
of  over  800  very  large  pages,  with  two  hundred  and  thirty-two  wood-cuts,  extra  cloth. 
$5  50. 


KNAPP'S  TECHNOLOGY  ;  or  Chemistry  Applied  to 
the  Arts,  and  to  Manufactures.  .With  American 
additions,  by  Prof.  Walter  R.  Johnson.    In  two 


very  handsome   octavo  volumes,  with  500   wood 
engravings,  extra  cloth,  $6  00. 


T)TJNGLISON  (ROBLEY),  M.D., 

-U  NEW  REMEDIES,  WITH  FORMULAE  FOR  THEIR  PREPARA- 
TION AND  ADMINISTRATION.  Seventh  edition,  with  extensive  additions.  In  one 
very  large  octavo  volume  of  770  pages,  extra  cloth.     $i  00. 


:-ONS — (Chemistrxj,  Pharmacy, &c). 
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pOWNES  {GEORGE),  Ph.  D. 


A  MANUAL  OF  ELEMENTARY  CHEMISTRY;   Theoretical  and 

Practical.  With  one  hundred  and  ninety-seven  illustrations.  A  new  American,  from  the 
tenth  and  revised  London  edition.  Edited  by  Robert  Bridges,  M.  D.  In  one  large 
royal  12mo.  volume,  of  about  850  pp.,  extra  cloth,  $2  75  ;  leather,  $3  25.  (Just  Ready.) 
Some  years  having  elapsed  since  the  appearance  of  the  last  American  edition,  and  several 
revisions  having  been  made  of  the  work  in  England  during  the  interval,  it  will  be  found  very 
greatly  altered,  and  enlarged  by  about  two  hundred  and  fifty  pages,  containing  nearly  one  half 
more  matter  than  before.  The  editors,  Mr.  Watts  and  Dr.  Bence  Jones,  have  labored  sedulously 
to  render  it  worthy  in  all  respects  of  the  very  remarkable  favor  which  it  has  thus  far  enjoyed,  by 
incorporating  in  it  all  the  most  recent  investigations  and  discoveries,  in  so  far  as  is  compatible  with 
its  design  as  an  elementary  text-book.  While  its  distinguishing  characteristics  have  been  pre- 
served, various  portions  have  been  rewritten,  and  especial  pains  have  been  taken  with  the 
department  of  Organic  Chemistry  in  which  late  researches  have  accumulated  so  many  new  facts 
and  have  enabled  the  subject  to  be  systematized  and  rendered  intelligible  in  a  manner  formerly 
impossible.  As  only  a  few  months  have  elapsed  since  the  work  thus  passed  through  the  hands 
of  Mr.  Watts  and  Dr.  Bence  Jones,  but  little  has  remained  to  be  done  by  the  American  editor. 
Such  additions  as  seemed  advisable  have  however  been  made,  and  especial  care  has  been  taken 
to  secure,  by  the  closest  scrutiny,  the  accuracy  so  essential  in  a  work  of  this  nature. 

Thus  fully  brought  up  to  a  level  with  the  latest  advances  of  science,  and  presented  at  a  price 
within  the  reach  of  all,  it  is  hoped  that  the  work  will  maintain  its  position  as  the  favorite  text 
book  of  the  medical  student. 


This  work  is  so  well  known  that  it  seems  almost 
superfluous  for  us  to  speak  about  it.  It  has  beeu  a 
favorite  text-book  with  medical  students  for  years, 
and  its  popularity  has  in  no  respect  diminished. 
Whenever  we  have  been  consulted  by  medical  stu- 
dents, as  has  frequently  occurred,  what  treatise  on 
chemistry  they  should  procure,  we  have  always  re- 
commended Fownes',  for  we  regarded  it  as  the  best. 
There  is  no  work  that  combines  so  many  excellen- 
ces. It  is  of  convenient  size,  not  prolix,  of  plain 
perspicuous  diction,  contains  all  the  most  recent 
discoveries,  and  is  of  moderate  price. — Cincinnati 
Med.  Repertory,  Aug.  1869. 

Large  additions  have  been  made,  especially  in  the 
department  of  organic  chemistry,  and  we  know  of  no 
other  work  that  has  greater  claims  on  the  physician, 
pharmaceutist,  or  student,  than  this.  We  cheerfully 
recommend  it  as  the  best  text-book  on  elementary 
chemistry,  and  bespeak  for  it  the  careful  attention 
of  students  of  pharmacy. — Chicago  Pharmacist,  Aug. 
1869. 

The  American  reprint  of  the  tenth  revised  and  cor- 
rected English  edition  is  now  issued,  and  represents 
the  present  condition  of  the  science.  No  comments 
are  necessary  to  insure  it  a  favorable  reception  at 
the  hands  of  practitioners  and  students.  —  Boston 
Med.  and  Surg.  Journal,  Aug.  12,  1869. 

It  will  continue,  as  heretofore,  to  hold  the  first  rank 
as  a  text-book  for  students  of  medicine  — Chicago 
Med.  Examiner,  Aug  1869. 

This  work,  longtherecognized  Manual  of  Chemistry, 
appears  as  a  tenth  edition,  under  the  able  editorship 
of  Bence  Jones  and  Henry  Watts.      The  chapter  on 


the  General  Principles  of  Chemical  Philosophy,  and 
the  greater  part  of  the  organic  chemistry,  have  been 
rewritten,  and  the  whole  work  revised  in  accordance 
with  the  receut  advauces  in  chemical  knowledge.  It 
remains  the  standard  text-book  of  chemistry. — Dub- 
lin Quarterly  Journal,  Feb.  1869. 

There  is  probably  not  a  student  of  chemistry  in  this 
country  to  whom  the  admirable  manual  of  the  late 
Professor  Fownes  is  unknown  It  has  achieved  a 
success  which  we  believe  is  entirely  without  a  paral- 
lel among  scientific  text-books  in  our  language.  This 
success  has  arisen  from  the  fact  that  there  is  no  En- 
glish work  on  chemistry  which  combines  so  many 
excellences.  Of  convenient  size,  of  attractive  form, 
clear  and  concise  in  diction,  well  illustrated,  and  of 
moderate  price,  it  would  seem  that  every  requisite 
for  a  student's  haud-book  has  been  attained.  The 
ninth  edition  was  published  under  the  joint  editor- 
ship of  Dr.  Bence  Jones  and  Dr.  Hofmann;  the  new 
oue  has  been  superintended  through  the  press  -by  Dr. 
Bence  Jones  and  Mr.  Henry  Watts.  It  is  not  too 
much  to  say  that  it  could  not  possibly  have  been  in 
better  hands.  There  is  no  one  in  England  who  can 
compare  with  Mr.  Watts  in  experience  as  a  compiler 
in  chemical  literature,  and  we  have  much  pleasuie 
in  recording  the  fact  that  his  reputation  is  well  sus- 
tained by  this,  his  last  undertaking. — The  Chemical 
News,  Feb.  1869. 

Here  is  a  new  edition  which  has  been  long  watcSed 
for  by  eager  teachers  of  chemistry.  In  its  new  garb, 
and  under  the  editorship  of  Mr.  Watts,  it  has  resumed 
its  old  place  as  the  most  successful  of  text-books. — 
Indian  Medical  Gazette,  Jan.  1,  1869. 


J>ARRISH  {EDWARD), 

Professor  of  Materia  Medica  in  the  Philadelphia  College  of  Pharmacy. 

A  TREATISE  ON  PHARMACY.     Designed  as  a  Text-Book  "for  the 

Student,  and  as  a  Guide  for  the  Physician  and  Pharmaceutist.     With  many  Formulae  and 
Prescriptions.     Third  Edition,  greatly  improved.     In  one  handsome  octavo  volume,  of  850 
pages,  with  several  hundred  illustrations,  extra  cloth.     $5  00. 
The  immense  amount  of  practical  information  condensed  in  this  volume  may  be  estimated  from 
the  fact  that  the  Index  contains  about  4700  items.      Under  the  head  of  Acids  there  are  312  refer- 
ences ;  under  Emplastrum,  36;  Extracts,  159;  Lozenges,  25;  Mixtures,  55;  Pills,  56;  Syrups, 
131;  Tinctures,  138;  Unguentum,  57,  &o. 

We  have  examined  this  large  volume  with  a  good 
deal  of  care,  and  find  that  the  author  has  completely 
exhausted  the  subject  upon  which  he  treats  ;  a  more 
complete  work,  we  think,  it  would  be  impossible  to 
find.  To  the  student  of  pharmacy  the  work  is  indis- 
pensable; indeed,  so  far  as  we  know,  it  is  the  only  oue 
of  its  kind  in  existence,  and  even  to  the  physician  or 
medical  student  who  can  spare  five  dollars  to  pur- 
chase it,  we  feel  sure  the  practical  information  he 
will  obtain  will  more  than  compensate  hiin  for  the 
outlay. — Canada  Med.  Journal,  Nov.  1864. 

The  medical  student  and  the  practising  physician 
will  find  the  volume  of  inestimable  worth  for  study 
and  reference. — Han  Francisco  Med.  Press,  July, 
1864. 

When  we  say  that  this  book  is  in  some  respects 
the  best  which  has  been  published  ou  the  subject  in 
the  English  language  f«r  &  great  many  y«ars,  we  do 


not  wish  it  to  be  understood  as  very  extravagant 
praise.  In  truth,  it  is  not  so  much  the  best  as  the 
only  book. — The  London  Chemical  News. 

An  attempt  to  furnish  anything  like  an  analysis  of 
Parrish's  very  valuable  and  elaborate  Treatise  on 
Practical  Ph/irmacy  would  require  more  space  than 
we  have  at  our  disposal.  This,  however,  is  not  so 
much  a  matter  of  regret,  inasmuch  as  it  would  be 
diftlcult  to  think  of  any  point,  however  minute  and 
apparently  trivial,  connected  with  the  manipulation 
if  pharmaceutic  substances  or  appliances  which  has 
not  been  clearly  and  carefully  discussed  in  this  vol- 
ume. Want  of  space  prevents  our  enlarging  further 
on  this  valuable  work,  and  we  must  conclude  by  a 
simple  expression  of  our  hearty  appreciation  of  its 
merits. — D'dilin  Quarterly  Jour,  of  Medical  Science, 
August,  1S61. 
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OTILLE  {ALFRED),  M.D., 

AJ  Professor  of  Theory  and  Practice  of  Medicine  in  the  University  of  Penna. 

THERAPEUTICS  AND  MATERIA  MEDIC  A;  a  Systematic  Treatise 

on  the  Action  and  Usea  of  Medicinal  Agents,   including  their  Description  and  History. 

Third  edition,  revised  and  enlarged.     In  two  large  and  handsome  octavo  volumes  of  about 

1700  pages,  extra  cloth,  $10  ;  leather,  $12.  (Just  Issued.) 
That  two  large  editions  of  a  work  of  such  magnitude  should  be  exhausted  in  a  few  years,  is 
sufficient  evidence  that  it  has  supplied  a  want  generally  felt  by  the  profession,  and  the  unani- 
mous commendation  bestowed  upon  it  by  the  medical  press,  abroad  as  well  as  at  home,  shows 
that  the  author  has  successfully  accomplished  his  object  in  presenting  to  the  profession  a  system- 
atic treatise  suited  to  the  wants  of  the  practising  physician,  and  unincumbered  with  details 
interesting  only  to  the  naturalist  or  the  dealer.  Notwithstanding  its  enlargement,  the  present 
edition  has  been  kept  at  the  former  very  moderate  price. 

Dr.  Stille's  splendid  work  on  therapeutics  and  ma-        Stille's  Therapeutics  is  incomparably  the  best  work 
teria  medica. — London  Med.  Times,  April  8,  1865.  on  the  subject. — N.  Y.  Med.  Gazette,  Sept.  26,  1868. 


Dr.  Still6  stands  to-day  one  of  the  best  and  most 
honored  representatives  at  home  and  abroad,  of  Ame- 
rican medicine  ;  and  these  volumes,  a  library  in  tbem- 
sel  ves,  a  treasure-house  for  every  studious  physician, 
assure  his  fame  even  had  he  done  nothing  more. — The 
Western  Journal  of  Medicine,  Dec.  1868. 

We  regard  this  work  as  the  best  one  on  Materia 
Medica  in  the  English  language,  and  as  such  it  de- 
serves the  favor  it  has  received. — Am.  Journ.  Medi- 
cal Sciences,  July  1868. 

We  need  not  dwell  on  the  merits  of  the  third  edition 
of  this  magnificently  conceived  work.  It  is  the  work 
on  Materia  Medica,  in  which  Therapeutics  are  prima- 
rily considered — the  mere  natural  history  of  drugs 
being  briefly  disposed  of.  To  medical  practitioners 
this  is  a  very  valuable  conception.  It  is  wonderful 
how  much  of  the  riches  of  the  literature  of  Materia 
Medica  has  been  condensed  into  this  book.  The  refer- 
ences alone  would  make  it  worth  possessing.  But  it 
is  not  a  mere  compilation.  The  writer  exercises  a 
good  judgment  of  his  own  on  the  great  doctrines  and 
points  of  Therapeutics  For  purposes  of  practice, 
StillS's  book  is  almost  unique  as  a  repertory  of  in- 
formation, empirical  and  scientific,  on  the  actions  and 
uses  of  medicines. — London  Lancet,  Oct.  31,  1868. 

Through  the  former  editions,  the  professional  world 
is  welt  acquainted  with  this  work  At  home  and 
abroad  its  reputation  as  a  standard  treatise  on  Materia 
Medica  is  securely  established  It  is  second  to  no 
Work  on  the  subject  in  the  English  tongue,  and,  in- 
deed, is  decidedly  superior,  in  some  respects,  to  any 
other. — Pacific  Med.  and  Surg  Journal,  July,  186S. 


Dr  Stille's  work  is  becoming  the  best  known  of  any 
of  our  treatises  on  Materia  Medica.  .  .  .  One  of  the 
most  valuable  works  in  the  language  on  the  subjects 
of  which  it.treats. — N.  ¥.  Med.  Journal,  Oct.  1868. 

The  rapid  exhaustion  of  two  editions  of  Prof.  Stille's 
scholarly  work,  and  the  consequent  necessity  for  a 
third  edition,  is  sufficient  evidence  of  the  high  esti- 
mate placed  upon  it  by  the  profession.  It  is  no  exag- 
geration to  say  that  there  is  no  superior  work  upon 
the  subject  in  the  English  language.  The  present 
edition  is  fully  up  to  the  most  recent  advance  in  the 
science  and  art  of  therapeutics. — Leavenworth  Medi- 
cal Herald,  Aug.  1868. 

The  work  of  Prof.  Stille'  has  rapidly  taken  a  high 
place  in  professional  esteem,  and  to  say  that  a  third 
editiou  is  demanded  and  now  appears  before  us,  suffi- 
ciently attests  the  firm  position  this  treatise  has  made 
for  itself.  As  a  work  of  great  research,  and  scholar- 
ship, it  is  safe  to  say  we  have  nothing  superior.  It  is 
exceedingly  full,  and  the  busy  practitioner  will  find 
ample  suggestions  upon  almost  every  important  point 
of  therapeutics. — Cincinnati  Lancet,  Aug.  1868. 

It  is  just  eight  years  since  the  first  edition  of  Pro- 
fessor Stille's  work  was  presented  to  the  profession, 
and  we  have  now  to  chronicle  the  receipt  of  the  third. 
This,  we  are  certain,  is  a  sure  indication  of  the  value 
in  which  it  is  held  ;  it  speaks  more  loudly  in  its  favor 
than  could  possibly  any  words  we  could  write.  We 
cousider  it  is  of  especial  value  to  students  combining 
as  it  does  therapeutics  with  a  very  excellent  descrip- 
tion of  the  articles  of  the  materia  medica. — Canada 
Med.  Journal,  July,  1868. 


/GRIFFITH  {ROBERT  E.),  M.D. 

A  UNIVERSAL  FORMULARY,   Containing  the  Methods  of  Pre- 

paring  and  Administering  Officinal  and  other  Medicines.     The  whole  adapted  to  Physicians 
and  Pharmaceutists.     Second  edition,  thoroughly  revised,  with  numerous  additions,  by 
Robert  P.  Thomas,   M.D.,  Professor  of  Materia  Medica  in  the  Philadelphia  College  of 
Pharmacy.     In  one  large  and   handsome   octavo  volume  of  650  pages,   double-columns. 
Extra  cloth,  $4  00;  leather,  $5  00. 
In  this  volume,  the  Formulary  proper  occupies  over  400  double-column  pages,  and  contains 
about  5000  formulas,  among  which,  besides  those  strictly  medical,  will  be  found  numerous  valuable 
receipts  for  the  preparation  of  essences,  perfumes,  inks,  soaps,  varnishes,  <fcc.  &c.     In  addition  to 
this,  the  work  contains  a  vast  amount  of  information  indispensable  for  daily  reference  by  the  prac- 
tising physician  and  apothecary,  embracing  Tables  of  Weights  and  Measures,  Specific  Gravity, 
Temperature  for  Pharmaceutical  Operations,  Hydrometrical  Equivalents,  Specific  Gravities  of  some 
of  the  Preparations  of  the  Pharmacopoeias,   Relation   between  different  Thermometrical  Scales, 
Explanation  of  Abbreviations  used  in  Formula?,  Vocabulary  of  Words  used  in  Prescriptions,  Ob- 
servations on  the  Management  of  the  Sick  Room,  Doses  of  Medicines,  Rules  for  the  Administration 
of  Medicines,  Management  of  Convalescence  and  Relapses,  Dietetic  Preparations  not  included  in 
the  Formulary,  List  of  Incompatibles,  Posological  Table,  Table  of  Pharmaceutical  Names  which 
differ  in  the  Pharmacopoeias,  Officinal  Preparations  and  Directions,  and  Poisons. 

Three  complete  and  extended  Indexes  render  the  work  especially  adapted  for  immediate  consul- 
tation. One,  of  Diseases  and  their  Remedies,  presents  under  the  head  of  each  disease  the 
remedial  agents  which  have  been  usefully  exhibited  in  it,  with  reference  to  the  formulae  containing 
them — while  another  of  Pharmaceutical  and  Botanical  Names,  and  a  very  thorough  General 
Index  afford  the  means  of  obtaining  at  once  any  information  desired.  The  Formulary  itself  is 
arranged  alphabetically,  under  the  heads  of  the  leading  constituents  of  the  prescriptions. 


This  is  one  of  the  most  useful  books  for  the  prac- 
tising physician  which  has  been  issued  from  the  press 
of  late  years,  containing  a  vast  variety  of  formulas 
for  the  safe  and  convenient  administration  of  medi- 
cines, all  arranged  upon  scientific  and  rational  prin- 
ciples, with  the  quantities  slated  in  full,  without 
signs  or  abbreviations.— Memphis  Med.  Recorder. 


We  know  of  none  iu  our  language,  or  any  other,  so 
comprehensive  iu  its  details. — London  Lancet. 

One  of  the  most  complete  works  of  the  kind  in  any 
language. — Edinburgh  Mtd.  Journal. 

We  are  not  cognizant  of  the  existence  of  a  parallel 
work. — London  Med.  Gazette. 
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Z> ERE IRA  [JONATHAN),  M.D.,  F.  R.S.  and  L.S. 

MATERIA    MEDIC  A   AND  THERAPEUTICS;   being  an  Abridg- 

merit  of  the  late  Dr.  Pereira's  Elements  of  Materia  Merlica,  arranged  in  conformity  with 
the  British  Pharmacopoeia,  and  adapted  to  the  use  of  Medical  Practitioners,  Chemists  and 
Druggists,  Medical  and  Pharmaceutical  Students,  &c.  By  F.  J.  Farre,  M.D.,  Senior 
Physician  to  St.  Bartholomew's  Hospital,  and  London  Editor  of  the  British  Pharmacopoeia; 
assisted  by  Robert  Bentlev,  M.R.C.S.,  Professor  of  Materia  Medica  and  Botany  to  the 
Pharmaceutical  Society  of  Great  Britain;  and  by  Robert  Warington,  F.R.S.,  Chemical 
Operator  to  the  Society  of  Apothecaries.  With  numerous  additions  and  references  to  the 
United  States  Pharmacopoeia,  by  Horatio  C.  Wood,  M.D.,  Professor  of  Botany  in  the 
University  of  Pennsylvania.  In  one  large  and  handsome  octavo  volume  of  1040  closely 
printed  pages,  with  2o"6  illustrations,  extra  cloth,  $7  00;  leather,  raised  bands,  $8  00. 
(Latch/  Published.) 


The  task  of  the  American  editor  has  evidently  been 
tto  sinecure,  for  not  only  has  he  given  to  us  all  that 
is  contained  in  the  abridgment  useful  for  our  pur- 
poses, but  by  a  careful  and  judicious  embodiment  of 
over  a  hundred  new  remedies  has  increased  the  size 
of  the  former  work  fully  one-third,  besides  adding 
many  new  illustrations,  some  of  which  are  original. 
We  unhesitatingly  say  that  by  so  doing  he  has  pro- 
portionately increased  the  value,  not  only  of  the  con- 
densed edition,  but  has  extended  the  applicability  of 
the  great  original,  and  has  placed  his  medical  coun- 
trymen under  lasting  obligations  to  him.  The  Ame- 
rican physician  now  has  all  that  is  needed  in  the 
shape  of  a  complete  treatise  on  materia  medica,  and 
the  medical  student  has  a  text-book  which,  for  prac- 
tical utility  and  intrinsic  worth,  stands  unparalleled. 
Although  of  considerable  size,  it  is  none  too  large  for 
the  purposes  for  which  it  has  been  intended,  and  every 
medical  man  should,  in  justice  to  himself,  spare  a 
place  for  it  upon  his  book-shelf,  resting  assured  that 
the  more  he  consults  it  the  better  he  will  be  satisfied 
of  its  excellence. — N.  Y.  Wed.  Record,  Nov.  15,  1866 

It  will  fill  a  place  which  n«  other  work  can  occupy 
in  the  library  of  the  physician,  student,  aud  apothe- 
cary.— Boston  Wed.  and  Surg.  Journal,  Nov.  8,  1866. 

Qf  the  many  works  on  Materia  Medica  which  have 
appeared  since  the  issuing  of  the  British  Pharmaco- 


poeia, none  will  be  more  acceptable  to  the  student 
aud  practitioner  than  the  present.  Pereira's  Materia 
Medica  had  long  ago  asserted  for  itself  the  position  of 
being  the  most  complete  work  on  the  subject  in  the 
English  language.  But  its  very  completeness  stood 
in  the  way  of  its  success.  Except  in  the  way  of  refer- 
ence, or  to  those  who  made  a  special  study  of  Materia 
Medica,  Dr.  Pereira's  work  was  too  full,  and  its  pe- 
rusal required  an  amount  of  time  which  few  had  at 
their  disposal.  Dr  Fane  has  very  judiciously  availed 
himself  of  the  opportunity  of  the  publication  of  the 
new  Pharmacopoeia,  by  bringing  out  an  abridged  edi- 
tion of  the  great  work.  This  edition  of  Pereira  is  by 
no  means  a  mere  abridged  re-issue,  but  contains  ma- 
ny improvements,  both  io  the  descriptive  and  thera- 
peutical departments.  We  can  recommend  it  as  a 
very  excellent  and  reliable  text-book. — Edinburgh 
Wed  Journal,  February,  1866. 

The  reader  cannot  fail  to  be  impressed,  at  a  glance, 
with  the  exceeding  value  of  this  work  as  a  compeud 
of  nearly  all  useful  knowledge  on  the  materia  medica. 
We  are  greatly  indebted  to  Professor  Wood  for  his 
adaptation  of  it  to  our  meridian.  Without  his  emen- 
dations and  additions  it  would  lose  much  of  its  value 
to  the  American  student.  With  them  it  is  an  Ameri- 
can book.—  Pacific  Wedical  and  Surgical  Journal, 
December,  1866. 


PLLIS  {BENJAMIN),  M.D. 

THE  MEDICAL  FORMULARY:  being  a  Collection  of  Prescriptions 

derived  from  the  writings  and  practice  of  many  of  the  most  eminent  physicians  of  America 
and  Europe.    Together  with  the  usual  Dietetic  Preparations  and  Antidotes  for  Poisons.    The 
■whole  accompanied  with  a  few  brief  Pharmaceutic  and  Medical  Observations.    Twelfth  edi- 
tion, carefully  revised  and  much  improved  by  Albert  H.  Smith,  M.  D.    In  one  volume  8vo. 
of  376  pages,  extra  cloth,  $3  00.     (Now  Ready.) 
This  work  has  remained  for  some  time  out  of  print,  owing  to  the  anxious  care  with  which  the 
Editor  has  sought  to  render  the  present  edition  worthy  a  continuance  of  the  very  remarkable 
favor  which  has  carried  the  volume  to  the  unusual  honor  of  a  Twelfth  Edition.     He  has  sedu- 
lously endeavored  to  introduce  in  it  all  new  preparations  and  combinations  deserving  of  confidence, 
besides  adding  two  new  classes,  Antemetics  and  Disinfectants,  with  brief  references  to  the  inhalation 
of  atomized  fluids,  the  nasal  douche  of  Thudichum,  suggestions  upon  the  method  of  hypodermic 
injection,  the  administration  of  anaesthetics,  &c.  &c.     To  accommodate  these  numerous  additions, 
he  has  omitted  much  which  the  advance  of  science  has  rendered  obsolete  or  of  minor  importance, 
notwithstanding  which  the  volume  has  been  increased  by  more  than  thirty  pages.     A  new  feature 
will  be  found  in  a  copious  Index  of  Diseases  and  their  remedies,  which  cannot  but  increase  the 
value  of  the  work  as  a  suggestive  book  of  reference  for  the  working  practitioner.    Every  precaution 
has  been  taken  to  secure  the  typographical  accuracy  so  necessary  in  a  work  of  this  nature,  and  it 
is  hoped  that  the  new  edition  will  fully  maintain  the  position  which  "  Ellis'  Formulary'1  has 
long  occupied.  

S7ARSON  (JOSEPH),  M.I)., 

\J  Professor  of  Materia.  Medica  and  Pharmacy  in  the  University  of  Pennsylvania,  &c. 

SYNOPSIS  OF  THE    COURSE   OF   LECTURES   OX   MATERIA 

MEDICA  AND  PHARMACY,  delivered  in  the  University  of  Pennsylvania.  With  three 
Lectures  on  the  Modus  Operandi  of  Medicines.  Fourth  and  revised  edition,  extra  cloth, 
$3  00.     (Just  Issued  ) 


ROYLE'S  MATERIA  MEDICA  AND  THERAPEU- 
TICS;  including  the  Preparations  of  the  Pharma- 
copoeias of  London,  Edinburgh,  Dublin,  and  of  the 
United  States.  With  many  new  medicines.  Edited 
by  Joseph  Carson.  M  D.  With  ninety-eight  illus- 
trations. In  one  large  octavo  volume  of  about  700 
pages,  extra  cloth.     $3  00. 

CHRISTIAN'S  DISPENSATORY;  or,  Commentary 
on  the  Pharmacopeias  of  Great  Britain  and  the 
United  States.  With  copious  additions,  and  213 
large  ■wood-engravings.  By  R.  Eolbspeld  Griffith, 
M.  D.  In  oue  very  handsome  octavo  volume  of  over 
1000  pages,  extra  cloth.    $1  00. 


CARPENTER'S  PRIZE  ESSAY  ON  THE  USE  OF 
Alcoholic  Liquors  in  Health  and  Disease.  New 
edition,  with  a  Preface  by  D.  F.  Condie,  M.D.,  aud 
explanations  of  scientific  words.  In  one  neat  12mo. 
volume,  pp.  178,  extra  cloth.  60  cents. 
Dr  JONGH  ON  THE  THREE  KINDS  OF  COD-LIVER 
Oil,  with  their  Chemical  and  Therapeutic  Pro- 
perties. 1  vol.  12mo.,  cloth.  75  cents. 
MAVNE'S  DISPENSATORY  AND  THERAPEUTICAL 
REMEMBRANCER!  With  every  Practical  Formula 
contained  in  the  three  British  Pharmacopoeias. 
Edited,  with  the  addition  of  the  Formula;  of  the 
U.  S.  Pharmacopoeia,  by  R.  E.  Griffith,  M.  D.  In 
one  12wo.  volume,  300  pp.,  extra  cloth.    7i  cents. 
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QROSS  {SAMUEL  D.),  M.  D., 

Professor  of  Surgery  in  the  Jefferson  Medical  College  of  Philadelphia. 

ELEMENTS    OF    PATHOLOGICAL   ANATOMY.     Third    edition, 

thoroughly  revised  and  greatly  improved.     In  one  large  and  very  handsome  octavo  volume 
of  nearly  800  pages,  with  about  three  hundred  and  fifty  beautiful  illustrations,  of  which  a 
large  number  are  from  original  drawings  ;   extra  cloth.     $4  00. 
The  very  beautiful  execution  of  this  valuable  work,  and  the  exceedingly  low  price  at  which  it 
offered,  should  command  for  it  a  place  in  the  library  of  every  practitioner. 

To  the  student  of  medicine  we  would  say  that  we 
know  of  no  work  which  we  can  more  heartily  com- 
mend than  Gross's  Pathological  Anatomy. — Southern 
Med  and  Surg.  Jozirnal. 

The  volume  commends  itself  to  the  medical  student ; 
t  will  repay  a  careful  perusal,  and  should  be  upon 


the  book-shelf, of  every  American  physician. — Charles- 
ton Med.  Journal. 

It  contains  much  new  matter,  and  brings  down  our 
knowledge  of  pathology  to  the  latest  period. — London 
Lancet. 


JONES  {C.  HAND  FIELD),  F.R.S.,  and  SIEVE  KING  {ED.  H.),  M.D., 

Assistant  Physicians  rind  Lecturers  in  St.  Mary's  Hospital 

A  MANUAL  OF    PATHOLOGICAL  ANATOMY.     First  American 

edition,  revised.     With  three  hundred  and  ninetyseven  handsome  wood  engravings.     In 
one  large  and  beautifully  printed  octavo  volume  of  nearly  750  pages,  extra  cloth,  $3  50. 
Our  limited  space  alone  restrains  us  from  noticing 

more   at  length  the  various   subjects  treated   of  in 

this  interesting  work ;  presenting,  as  it  does,  an  excel 


lent  summary  of  the  existing  state  of  knowledge  in 
relation  to  pathological  anatomy,  we  cannot  too 
strongly  urge  upon  the  student  the  necessity  of  a  tho- 
rough acquaintance  with  its  contents. — Medical  Ex- 
miner. 

We  have  long  had  need  of  a  hand-book  of  patholo- 
gical anatomy  which  should  thoroughly  reflect  the 
present  state  of  that  science.  In  the  treatise  before 
us  this  desideratum  is  supplied.  Within  Dip  limits  of 
a  moderate  octavo,  we  have  the  outlines  of  this  great 
department  of  medical  science  accurately   delined, 


and  the  most  recent  investigations  presented  in  suffi- 
cient detail  for  t he  student  of  pathology.  We  cannot 
at  this  time  undertake  a  formal  analysis  of  this  trea- 
tise, as  it  would  involve  a  separate  and  leDgthy 
consideration  of  nearly  every  subject  discussed  ;  nor 
would  such  analysis  be  advantageous  to  the  medical 
reader.  The  work  is  of  such  a  character  that  every 
physician  ought  to  obtain  it,  both  for  reference  and 
study. — N.  Y.  Journal  of  Medicine. 

Its  importance  to  the  physician  cannot  be  too  highly 
estimated,  and  we  would  recommend  our  readers  to 
add  it  to  their  library  as  soon  as  they  conveniently 
can. — Montreal  Med.  Chronicle. 


GLUGE'S  ATLAS  OF  PATHOLOGICAL  HISTOLOGY. 

Translated,  with  Notes  and  Additions,  by  Joseph 
Leidy,  M  D.     Pn  one  volume,  very  large  imperial  I 
quarto,   with   320  copper-plate    figures,  plain  and 
colored,  extra  cloth.     $i  00. 


SIMON'S  GENERAL  PATHOLOGY,  as  conducive  to 
the  Establishment  of  Rational  Principles  for  the 
Prevention  and  Cure  of  Disease.  In  one  octavo 
volume  of  212  pages,  extra  cloth.     $1  25. 


TJflLLIAiMS  {CHARLES  J.  B.),  M.D., 

Professor  of  Clinical  Medicine  in  Ihiiversity  College,  London. 

PPvINCIPLES  OF  MEDICINE.     An  Elementary  Yiew  of  the  Causes, 

Nature,  Treatment,  Diagnosis,  and  Prognosis  of  Disease;  with  brief  remarks  on  Hygienics, 
or  the  preservation  of  health.    A  new  American,  from  the  third  and  revised  London  edition. 
In  one  octavo  volume  of  about  500  pages,  extra  cloth.     $3  50. 
The  unequivocal  favor  with  which  this  work  has 
been  received  by  the  profession,  both  in  Europe  and 
America,  is  one  among  themany.gratifying  evidences 
Which  might  he  adduced  as  going  to  show  that  there 
is  a  steady  progress  taking  place  in  the  science  as  well 
as  in  the  art  of  medicine. — St.  Louis  Med.  and  Surg. 
Journal. 

No  work  has  ever  achieved  or  maintained  a  more 
deserved  reputation. —  Virginia  Med.  and  Surg. 
Journal. 

One  of  the  best  works  on  the  subject  of  which  it 


treats  in  our  language. 

It  has  already  commended  itself  to  the  high  regard 
of  the  profession;  and  we  may  well  say  that  we 
know  of  no  single  volume  that  will  afford  the  source 
of  so  thorough  a  drilling  in  the  principles  of  practice 
as  this.  Students  and  practitioners  should  make 
themselves  intimately  familiar  with  its  teachings— 


they   will   find  their   labor  and  study  most  amply 
repaid. — Cincinnati  Med.  Observer. 

There  is  no  work  in  medical  literature  which  can 
fill  the  place  of  this  one.  It  is  the  Primer  of  the 
young  practitioner,  the  Koran  of  the  scientific  one. — 
Stethoscope. 

A  text-book  to  which  no  other  in  our  language  ie 
comparable.— Charleston  Med.  Journal. 

The  absolute  necessity  of  such  a  work  must  be 
evident  to  all  who  pretend  to  more  than  mere 
empiricism.  We  must  conclude  by  again  express- 
ing our  high  sense  of  the  immense  benefit  which 
Dr.  Williams  has  conferred  on  medicine  by  the  pub- 
lication of  this  work.  We  are  certain  that  in  the 
present  state  of  our  knowledge  his  Piinci  pies  of  Medi- 
cine could  not  possibly  be  surpassed. — London  Jour. 
of  Medicine. 


HARRISON'S  ESSAY  TOWARDS  A  CORRECT 
THEORY  OP  THE  NERVOUS  SYSTEM.  In  one 
octavo  volume  of  292  pp.    *1  60. 

SOLLY  ON  THE  HUMAN  BRAIN:  its  Structure,  Phy- 
siology, and  Diseases.  From  the  Second  and  much 
enlarged  London  edition.  In  one  octavo  volume  of 
50n  nitres,  with  1 20  wood-cuts  ;  extra    cloth.    *2  30. 

LA  ROCHE  ON  YELLOW  FBYER,  considered  iu  its 


Historical,  Pathological,  Etiological,  and  Therapeu- 
tical Relations,  In  two  largo  and  handsomejootavo 
volumes,  of  nearly  1500  pages,  extra  cloth,' $7  00 
LA  ROCHE  ON  PNEUMONIA  :  its  Supposed  Connec- 
tion, Pathological,  and  Etiological,  with  Autumnal 
Fevers,  including  an  Inquiry  into  the  Existence  and 
Morbid  Agency  of  Ma.laria.  In  one  handsome  oc- 
tavo volume,  extra  cloth,  of  500  pages.     Price  $3  00. 
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flLINT  (A  USTIN),  M.  D., 

•*-  Professor  of  the  Principles  and  Practice  of  Medicine  in  Bellevue  Med.  College,  K  Y. 

A   TREATISE    ON    THE    PRINCIPLES    AND    PRACTICE    OF 

MEDICINE  ;  designed  for  the  use  of  Students  and  Practitioners  of  Medicine.  Third 
edition,  revised  and  enlarged.  In  one  large  and  closely  printed  octavo  volume  of  1(102 
pages;  handsome  extra  cloth,  $6  00;  or  strongly  bound  in  leather,  with  raised  bands,  $7  00. 
(Just  Issued.) 

From  the  Preface  to  the  Third  Edition. 

Since  the  publication,  in  December,  1806,  of  the  second  edition  of  this  treatise,  much  time  has 
been  devoted  to  its  revision.  Recognizing  in  the  favor  with  which  it  has  been  received  a  pro- 
portionate obligation  to  strive  constantly  to  increase  its  worthiness,  the  author  has  introduced  in 
the  present  edition  additions,  derived  from  his  clinical  studies,  and  from  the  latest  contributions 
in  medical  literature,  which,  it  is  believed,  will  enhance  considerably  the  practical  utility  of  the 
work.  A  slight  modification  in  the  typographical  arrangement  has  accommodated  these  additions 
without  materially  increasing  the  bulk  of  the  volume. 

New  York,  October,  1868. 

At  the  very  low  price  affixed,  the  profession  will  find  this  to  be  one  of  the  cheapest  volumes 
within  their  reach. 


This  work,  which  stands  pre-eminently  as  the  ad- 
vance standard  of  medical  science  up  to  the  present 
time  in  the  practice  of  medicine,  has  for  its  author 
one  who  is  welt  and  widely  known  as  one  of  the 
leading  practitioners  of  this  continent.  In  fact,  it  is 
seldom  that  any  work  is  ever  issued  from  the  press 
more  deserving  of  universal  recommendation. — Do- 
minion Med.  Journal,  May,  1S69. 

The  third  edition  of  this  most  excellent  hook  scarce- 
ly needs  any  commendation  from  us  The  volume, 
as  it  stands  now.  is  really  a  marvel :  first  of  all,  it  is 
excellently  printed  and  bound — and  we  encounter 
that  luxury  of  America,  the  readyrcut  pages,  which 
the  Yankees  are  'cute  enough  to  insist  upou — nor  are 
these  by  any  means  trifles  ;  but  t lie  contents  of  the 
book  are  astonishing.  Not  only  is  it  wonderful  that 
any  one  man  can  have  grasped  in  his  mind  the  whole 
scope  of  medicine  with  that  vigor  which  Dr  Flint 
shows,  but  the  condensed  yet  clear  way  in  which 
this  is  done  is  a  perfect  literary  triumph.  Dr.  Flint 
is  pre-eminently  one  of  the  strong  men,  whose  right 
to  do  this  kiud  of  thing  is  well  admitted  ;  and  we  say 
no  more  than  the  truth  when  we  affirm  that  he  is 
very  nearly  the  only  living  man  that  could  do  it  with 
such  results  as  the  volume  before  us. — The  London 
Practitioner,  March,  1S69. 

This  is  in  some  respects  the  best  text-hook  of  medi- 
cine in  our  language,  and  it  is  highly  appreciated  on 
the  other  side  of  the  Atlantic,  inasmuch  as  the  first 
edition  was  exhausted  in  a  few  months.  The  second 
edition  was  little  more  than  a  reprint,  but  the  present 
has,  as  the  author  says,  been  thoroughly  revised 
Much  valuable  matter  has  been  added,  and  by  mak- 
ing the  type  smaller,  the  bulk  of  the  volume  is  not 
much  increased.  The  weak  point  in  many  American 
works  is  pathology,  but  Dr.  Flint  has  taken  peculiar 
pains  on  this  poiut,  greatly  to  the  value  of  the  book. 
— London  Med,.  Times  and  Gazette,  Feb.  6,  1869. 

Published  in  1S66,  this  valuable  book  of  Dr.  Flint's 
has  in  two  years  exhausted  two  editions,  and  now 
we  gladly  announce  a  third.  We  say  we  gladly  an- 
nounce it,  because  we  are  proud  of  it  as  a  national 
representative  work  of  not  only  American,  but  of 


cosmopolitan  medicine.  In  it  the  practice  of  medicine 
is  young  and  philosophical,  based  on  reason  and  com- 
mon sense,  and  as  such,  we  hope  it  will  be  at  the 
right  hand  of  every  practitionerof  this  vast  continent. 
— California  Medical  Gazette,  March,  1S69. 

Considering  the  large  number  of  valuable  works  in 
the  practice  of  medicine,  already  before  the  profes- 
sion, the  marked  favor  with  which  this  has  been  re- 
ceived, necessitating  a  third  edition  in  the  short  space 
of  two  years,  indicates  unmistakably  that  it  is  a  work 
of  more  than  ordinary  excellence,  and  must  be  accept- 
ed as  evidence  that  it  has  largely  fulfilled  the  object 
for  which  the  author  intended  it.  A  marked  feature 
in  the  work,  and  one  which  particularly  adapts  it  for 
the  use  of  students  as  a  text-buok,  and  certainly  ren- 
ders it  none  the  less  valuable  to  the  busy  practitioner 
as  a  work  of  refereuce,  is  brevity  and  simplicity. 
The  present  edition  has  been  thoroughly  revised,  and 
much  new  matter  incorporated,  derived,  as  the  author 
informs  us,  both  from  his  own  clinical  studies,  and 
from  the  latest  contributions  to  medical  literature, 
thus  bringing  it  fully  up  with  the  most  recent  ad- 
vances of  the  science,  and  greatly  enhancing  its  prac- 
tical utility;  while,  by  a  slight  modification  of  its 
typographical  arrangement,  the  additions  have  been 
accommodated  without  materially  increasing  its 
bulk. — St  Louis  Med.  Archives,  Feb.  1S69. 

If  there  be  among  our  readers  any  who  are  not  fa- 
miliar with  the  treatise  before  us,  we  shall  do  them 
a  service  in  persuading  them  to  repair  their  omission 
forthwith.  Combining  to  a  rare  degree  the  highest 
scientific  attainments  with  the  most  practical  com- 
mon sense,  and  the  closest  habits  of  observation,  the 
author  has  given  us  a  volume  which  not  only  sets 
forth  the  results  of  the  latest  investigations  of  other 
laborers,  but  contains  more  original  views  than  any 
other  single  work  upon  this  well-worn  theme  within 
our  knowledge— .N.  T.  Med.  Gazette,  Feb.  27,  1869. 

Practical  medicine  was  at  sea  when  this  book  ap- 
peared above  the  horizon  as  a  safe  and  capacious  har- 
bor. It  came  opportunely  and  was  greeted  with 
pleasurable  emotions  throughout  the  laud. — Nash- 
ville Med.  and  Surg.  Journal,  May,  1S6'9. 


TjONGLISON,  FORBES,  TWEEDIE,  AND  CONOLLY. 

THE  CYCLOPAEDIA  OF   PRACTICAL  MEDICINE:   comprising 

Treatises  on  the  Nature  und  Treatment  of  Diseases,  Materia  Mediea  and  Therapeutics, 
Diseases  of  Women  and  Children,  Medical  Jurisprudence,  <fce.  Ac.  In  four  large  super-royal 
octavo  volumes,  ol?>2a4  double-columned  pages,  strongly  and  handsomely  bound  in  leather, 
$15;  extra  cloth,  $1 1. 
*%*  This  work  contains  no  less  than  four  hundred  and  eighteen  distinct  treatises,  contributed 
by  sixty-eight  distinguished  physicians. 


The  most  complete  work  on  practical  medicine 
extant,  or  at  least  in  our  language. — Buffalo  Medical 
and  Surgical  Journal. 

For  reference,  it  is  above  all  priee  to  every  practi- 
tioner.—  Western  Lancet. 

One  of  the  most  valuable  medical  publications  of 


the  day.     As  a  work  of  reference  it  is  invaluable. — 
Western  Journal  of  Medicine  and  Surgery. 

It  has  been  to  us,  both  as  learner  and  teacher,  a 
work  for  ready  and  frequent  refereuce,  one  in  which 
modern  English  medicine  is  exhibited  in  the  most  ad- 
vantageous light. — Medical  Examiner. 


BARLOW'S  MANUAL  OF  THE  PRACTICE  OF 
MEDICINE.  With  Additions  by  D.  F.  Co.vdie, 
M.  D.     1  vol.  Svo.,  pp.  600,  cloth.     $2  50. 


HOLLAND'S  MEDICAL  NOTES  AND  REFLEC- 
TIONS. From  the  third  and  enlarged  Euglish  edi- 
tion. In  one  handsome  octavo  volume  of  about 
500  pages,  extra  cloth.     $3  50. 
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fTARTSHORNE  (HENRY),  M.D., 

•*--*-  Professor  of  Hygiene  in  the  University  of  Pennsylvania. 

ESSENTIALS  OP  THE   PRINCIPLES  AND  PRACTICE  OF  MEDI- 

CINE.     A  handy-book  for  Students  and  Practitioners.     Second  edition,  revised  and  im- 
proved.    In  one  handsome  royal  ]2mo.  volume  of  450  pages,  clearly  printed  on  small  type, 
cloth,  $2  38;  half  bound,  $2*63.      {Now  Ready.) 
The  very  cordial  reception  with  which  this  work  has  met  shows  that  the  author  has  fully  suc- 
ceeded in  his  attempt  to  condense  within  a  convenient  compass  the  essential  points  of  scientific 
and  practical  medicine,  so  as  to  meet  the  wants  not  only  of  the  student,  but  also  of  the  practi- 
tioner who  desires  to  acquaint  himself  with  the  results  of  recent  advances  in  medical  science. 

nearly  thau  any  similar  manual  lately  before  us  the 
standard  at  which  all  such  books  should  aim  —  of 
teaching  much,  and  suggesting  more.  To  the  student 
we  can  heartily  recommend  the  work  of  onr  transat- 
lantic colleague,  and  the  busy  practitioner,  we  are 
sure,  will  find  in  it  the  means  of  solving  many  a 
doubt,  and  will  rise  from  the  perusal  of  its  pages, 
having  gained  clearer  views  to  guide  him  in  his  daily 
struggle  with  disease. — Dub.  Med.  Press,  Oct.  2,  1867. 

Pocket  handbooks  of  medicine  are  not  desirable, 
even  wbeu  they  are  as  carefully  and  elaborately  com- 
piled as  this,  The  latest,  most  complete,  and  most  ac- 
curate which  we  have  seen. — British  Med.  Journal, 
Sept.  21,  1S67. 

This  work  of  Dr.  Hartshorn e  must  not  be  confound- 
ed with  the  medical  manuals  so  generally  to  be  found 
in  the  hands  of  students,  serving  them  at  best  but  as, 
blind  guides,  better  adapted  to  lead  them  astray  than 
to  any  useful  and  reliable  knowledge.  The  work  be- 
fore us  presents  a  careful  synopsis  of  the  essential 
elements  of  the  theory  of  diseased  action,  its  causes, 
pheuomenac  and  results,  and  of  the  art  of  healiDg,  as 
recognized  by  the  most  authoritative  of  our  profes- 
sional writers  and  teachers.  A  very  careful  and  can- 
did examination  of  the  volnme  has  convinced  us  that 
it  will  be  generally  recognized  as  one  of  the  best  man- 
uals' for  the  use  of  the  student  that  has  yet  appeared. 
— American  Journal  Med.  Sciences,  Oct.  1S67. 


As  a  strikingly  terse,  full,  and  comprehensive  em- 
bodiment in  a  condensed  form  of  the  essentials  iu 
medical  science  and  art,  we  hazard  nothing  in  saying 
that  it  is  incomparably  in  advance  of  any  work  of  the 
kind  of  the  past,  and  will  stand  long  in  the  future 
without  a  rival.  A  mere  glance  will,  we  think,  im- 
press others  with  the  correctness  of  our  estimate.  Nor 
do  we  believe  there  will  be  found  many  who,  after 
the  most  cursory  examinatiou,  will  fail  to  possess  it. 
How  oue  could  be  able  to  crowd  so  much  that  is  valu- 
able, especially  to  the  student  and  young  practitioner, 
within  the  limits  of  so  small  a  book,  and  yet  embrace 
and  present  all  that  is  important  in  a  well-arranged, 
dear  form,  convenient,  satisfactory  for  reference,  with 
so  full  a  I  able  of  contents,  and  extended  general  index, 
with  nearly  three  hundred  formulas  and  recipes,  is  a 
marvel. —  Western  Journal  of  Medicine,  Aug.  1S67. 

The  little  book  before  us  has  this  quality,  and  we 
can  therefore  say  that  all  students  will  find  it  an  in- 
valuable guide  in  their  pursuit  of  clinical  medicine 
Dr.  Hartshorne  speaks  of  it  as  "an  unambitious  effort 
to  make  useful  the  experience  of  twenty  years  of  pri- 
vate and  hospital  medical  practice,  with  its  attendant 
study  and  reflection."  That  the  effort  will  prove  suc- 
cessful we  have  do  doubt,  and  in  his  study,  and  at 
the  bedside,  the  student  will  find  Dr  Harishorne  a 
safe  and  accomplished  companion.  We  speak  thus 
highly  of  the  volume,  because  it  approaches  more 


TUATSON  (THOMAS),  M.  D.,  Sfc. 

LECTURES     ON    THE    PRINCIPLES    AND    PRACTICE    OF 

PHYSIC.     Delivered  at  King's  College,  London.     A  new  American,  from  the  last  revised 
and  enlarged  English  edition,  with  Additions,  by  D.   Fhaxcis  Condie,  M.  D.,  author  of 
"A  Practical  Treatise  on  the  Diseases  of  Children,"  <fcc.     With  one  hundred  and  eighty- 
five  illustrations  on  wood.     In  one  very  large  and  handsome  volume,  imperial  octavo,  of 
over    1200  closely  printed  pages  in  small  type;    extra   cloth,  $6  50;  strongly  bound   in 
leather,  with  raised  bands,  $7  50. 
Believing  this  to  be  a  work  which  should  lie  on  the  table  of  every  physician,  and  be  in  the  hands 
of  every  student,  every  effort  has  been  made  to  condense  the  vast  amount  of.  matter  which  it  con- 
tains within  a  convenient  compass,  and  at  a  very  reasonable  price,  to  place  it  within  reach  of  all. 
In   its  present  enlarged  form,  the  work  contains  the  matter  of  at  least  three  ordinary  octavos, 
rendering  it  one  of  the  cheapest  works  now  offered  to  the  American  profession,  while  its  mechani- 
cal execution  makes  it  an  exceedingly  attractive  volume. 


DICKSON'S  ELEMENTS  OF  MEDICINE;  a  Compen- 
dious View  of  Pathology  aud  Therapeutics,  or  the 
History  aud  Treatment  of  Diseases.  Seqend  edi- 
tion, revised.  1  vol.  8vo.  of  7J0  pages,  extra  cloth. 
8t  00. 

WHATTO  OBSERVE  ATTHE  BEDSIDE  AND  AFTER 
Death  in  Medical  Cases.  Published  under  the 
authority  of  the  London  Society  for  Medical  Obser- 


vation. From  the  second  London  edition.  1  vol. 
royal  12mo.,  extra  cloth.  SI  00. 
LAYCOCK'S  LECTURES  ON  THE  PRINCIPLES 
and  Methods  of  Medidao,  observation  and  Rb- 
BEARCH.  For  the  use  of  advanced  students  and 
junior  practitioners.  In  one  very  neat  royal  12mo. 
volunie,  extra  cloth.    $1  00. 


B 


ARCLAY  (A.  W.),  M.  D. 

A  MANUAL  OF  MEDICAL  DIAGNOSIS;  being  an  Analysis  of  the 

Signs  and  Symptoms  of  Disease.     Third  American  from  the  second  and  revised  London 
edition.     In  one  neat  octavo  volume  of  451  pages,  extra  cloth.     $3  50. 


A   work   of   immense   practical    utility. — London 
Med.  Times  and  Gazette. 


The  book  should  be  in  the  hands  of  every  practical 
man. — Dublin  Med.  Press. 


JPULLER  (HENRY  WILLIAM),  M.  D., 

-*-  Physician  to  St.  George's  Hospital,  London. 

ON  DISEASES  OF  THE   LUNGS   AND   AIR-PASSAGES.    Their 

Pathology,  Physical  Diagnosis,  Symptoms,  and  Treatment.     From  the  second  and  revised 

English  edition.     In  one  handsome  octavo  volume  of  about  500  pages,  extra  cloth,  $3  50. 

(Just  Issued,) 

Dr.  Fuller's  work  on  diseases  of  the  chest  was  so  i  accordingly  we  have  what  might  be  with  perfect  jus- 

favorably  received,  that  to  mauy  who  did  not  know     tice  styled  an  entirely  new  work  from   his  pen,  the 

the  extent  of  his  engagements,  it  was  a  matter  of  won-     portion  of  the  work  treating  of  the  heart  and  great 

der  that  it  should  be  allowed  to  remain  three  years    vessels  being  excluded.    Nevertheless,  this  volume  is 

out  of  print.     Determined,  however,  to  improve  it,     of  almost  equal  size  with  the  first. — London  Medioat 

Dr.  Fuller  would  not  consent  to  a  more  reprint,  and  I  Times  and  Gazette,  July  2C,  1867. 


11JKJNK.Y    ^.   UfiA  S   r 


ujtsjuiuAnONS — {Practice  of  Medicine). 
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T?LINT  (A  USTIN),  M.  D., 

-*-  Professor  of  the  Principles  and  Practice  of  Medicine  in  Sellevue  Hospital  Mad.  College,  JV.  Y. 

A   PRACTICAL    TREATISE    ON    THE    PHYSICAL   EXPLORA- 
TION OF  THE  CHEST  AND  THE  DIAGNOSIS  OF   DISEASES    AFFECTING    THE 
RESPIRATORY  ORGANS.    Second  and  revised  edition.    In  one  handsome  octavo  volume 
of  595  pages,  extra  cloth,  $4  50.      (Just  Issued.) 
Premising  this  observation  of  the  necessity  of  each 
student  and  practitiouer  making  himself  acquainted 
with  auscultation  and  percussion,  we  may  state  our 


honest  opinion  that  Dr.  Flint's  treatise  is  one  of  th 
most  trustworthy  guides  which  he  can  cousult.  The 
style  is  clear  and  distinct,  and  is  also  concise,  being 
free  from  that  tendency  to  over-refinement  and  unne- 
cessary minuteness  which  characterizes  many  works 
on  the  same  subject. — Dublin  Medical  Press,  Feb.  6, 
1867. 

In  the  invaluable  work  before  us,  we  have  a  book 
of  facts  of  nearly  600  pages,  admirably  arranged, 
clear,  thorough,  and  lucid  on  all  points,  without  pro- 
lixity; exhausting  every  point  and  topic  touched  ;  a 
monument  of  patient  and  long-continued  observation, 
which  does  credit  to  its  author,  and  reflects  honor  on 

DF  THE  SAME  AUTHOR.    (Nearly  Ready)    

A  PRACTICAL  TREATISE  OX  THE  DIAGNOSIS,  PATHOLOGY, 

AND  TREATMENT  OF  DISEASES  OF  THE  HEART.     Second  revised  and  enlarged 

edition.     In  one  neat  octavo  volume  oif  over  600  pages,  with  a  plate. 

The  author  has  sedulously  improved  the  opportunity  afforded  him  of  revising  this  work.   Portions 

of  it  have  been  rewritten,  ajid  the  whole  brought  up  to  a  level  with  the  most  advanced  condition  of 

science.   It  must  therefore  continue  to  maintain  its  position  as  the  standard  treatise  on  the  subject. 

Dr.  Flint  chose  a  difficult  subject  for  his  researches,  ;  able  for  purposes  of  illustration,  in  connection  with 


American  medicine. — Atlanta  Med.  and  Surg.  Joitr- 
nal,  Feb.  1867. 

The  chapter  on  Phthisis  is  replete  with  interest; 
and  his  remarks  on  the  diagnosis,  especially  in  the 
early  stages,  are  remarkable  for  their  acumen  and 
great  practical  value.  Dr.  Flint's  style  is  clear  and 
elegant,  and  the  tone  of  freshness  and  originality 
which  pervades  his  whole  work  lend  an  additional 
force  to  its  thoroughly  practical  character,  which  ' 
cannot  fail  to  obtain  for  it  a  place  as  a  standard  work 
on  diseases  of  the  respiratory  system. — London 
Lancet,  Jan.  19,  1867. 

This  is  an  admirable  book.  Excellent  in  detail  and 
execution,  nothing  better  could  be  desired  by  the 
practitioner.  Dr.  Flint  enriches  his  subject  with 
much  solid  and  not  a  little  original  observation. — 
Ranking's  Abstract,  Jan.  1867. 


and  has  shown  remarkable  powers  of  observation 
aud  reflection,  as  well  as  great  industry,  in  his  treat- 
ment of  it.  His  book  must  be  considered  the  fullest 
and  clearest  practical  treatise  on  those  subject*,  and 
should  be  in  the  hands  of  all  practitioners  and  stu- 
dents. It  is  a  credit  to  American  medieal  literature. 
— Amer.  Jotirn.  of  the  Med.  Sciences,  July,  1S60. 

We  question  the  fact  of  any  recent  American  author 
in  our  profession  being  more  extensively  known,  or 
more  deservedly  esteemed  in  this  country  than  Dr. 
Flint.  We  willingly  acknowledge  his  success,  more 
particularly  in  the  volume  on  diseases  of  the  heart, 
in  making  an  extended  personal  clinical  study  avail- 


cases  which  have  been  reported  by  other  trustworthy 
observers. — Brit,  and  For.  Med.-Chirurg.  Review. 

In  regard  to  the  merits  of  the  work,  we  have  no 
hesitation  in  pronouncing  it  full,  accurate,  and  judi- 
cious. Considering  the  present  state  of  science,  such 
a  work  was  much  needed.  It  should  be  in  the  hands 
of  every  practitioner. — Chicago  Med.  Journ. 

With  more  than  pleasure  do  we  hail  the  advent  of 
this  work,  for  it  fills  a  wide  gap  on  the  list  of  text- 
books for  our  schools,  and  is,  for  the  practitioner,  the 
most  valuable  practical  work  of  its  kind. — N.  0.  Med. 
Neijos. 


PA  VY  (F.  W.),  M.  D.,  F.  R.  S. 
Senior  Asst.  Physician  to  and  Lecturer  on  Physiology,  at  Guy's  Hospital,  Ac. 

A  TREATISE  OX  THE    FUNCTION   OF  DIGESTION;  Its  Disor- 
ders and  their  Treatment.     From  the  second  London  edition.     In  one  handsome  volume, 
small  octavo,  extra  cloth,  $2  00.      (Just  Ready.) 
A  thoroughly  good  book,  being  a  careful  systematic 
treatise,  and  sufficiently  exhaustive  for  all  practical 
purposes. — Leavenworth  Med.  Herald,  July,  1S69. 

A  very  valuable  work  on  the  subject  of  which  it 
treats.  Small,  yet  it  is  full  of  valuable  information. 
— Cincinnati  Med.  Repertory,  June,  1869. 

It  preseuts  the  reader  with  a  good  summary  of  what 
is  at  present  known  concerning  the  physiological  pro- 
cesses concerned  in  digestion,  the  pathological  changes 


these  processes  are  capable  of  undergoing,  and  the 
treatment  they  require.  It  is  a  convenient  and  prac- 
tical work  for  the  library  of  the  practitioner. — Chicago 
Med.  Examiner,  July,  1S69. 

The  work  before  us  is  one  which  deserves  a  wide 
circulation.  We  know  of  no  better  guide  to  the  study 
of  digestion  and  its  disorders. — St.  Louis  Med.  and 
Surg.  Journal,  July  10,  1SG9. 


flHAMBERS  (T.  K.),  M.  D., 

\y  Consulting  Physician  to  St.  Mary's  Hospital,  London,  Ac 

THE  INDIGESTIONS;  or,  Diseases  of  the  Digestive  Organs  Functionally 

Treated.     Third  and  revised  Edition.    In  one  handsome  octavo  volume  of  over  300  pages, 
extra  cloth.      (Preparing.) 


f>RINTON  (  WILLIAM),  M.  D.,  F.  R.  S. 

LECTURES  ON  THE  DISEASES  OF  THE  STOMACH;  with  an 

Introduction  on  its  Anatomy  and  Physiology.     From  the  second  and  enlarged  London  edi- 
tion.    With  illustrations  on  wood.      In  one  handsome  octavo  volume  of  about  300  pages, 
extra  cloth.     $3  25.  (Just  issued.) 
Nowhere  can  be  found  a  more  full,  accurate,  plain,  I      The  most  complete  work  in  our  language  upon  the 
and  instructive  history  of  these  diseases,  or  more  ra-  |  diagnosis  and  treatment  of  these  puzzling  and  impor- 
tional  views  respecting  their  pathology  and  therapeu-     tant  diseases. — Boston  Med.  and  Surg.  Journal,  Nov. 
tics. — Am.  Journ.  of  the  Med.  Sciences,  April,  1S65.     |  1863. 


H  \BEKSHON  ON  DISEASES  OF  THE  ALIMENTARY 
CANAL,  (ESOPHAGUS,  STOMACH,  CAECUM,  AND 
INTESTINES.  With  illustration!  on  wood.  One 
vol    Svo  ,  3'2  pages,  extra  cloth.     $2  50. 

CLYMEK  ON   FEVERS;    THEIK  DIAGNOSIS,  Pa- 


thology and  Treatment.     In  one  octavo  volume 
of  600  pages,  leather,     sfc]   7.r>. 
TODD'S  CLINICAL  LECTURES  ON  CERTAIN  ACUTE 
Disbaseo.   In  one  neat  octavo  voiuiuc,  of  320  page*, 
extra  cloth.    $>2  50. 
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ROBERTS  (  WILLIAM),  M.  D„ 

Lecturer  on  Medicine  in  the  Manchester  School  of  Medicine,  &c. 

PRACTICAL  TREATISE    ON  URINARY  AND   RENAL   LIS- 

EASES,  including  Urinary  Deposits.     Illustrated  by  numerous  cases  and  engravings.     Ill 
one  very  handsome  octavo  volume  of  516  pp.,  extra  cloth.     $4  50.      (Just  Issued.) 


A 


In  carrying  out  this  design,  he  has  not  only  made 
good  use  of  his  own  practical  knowledge,  but  has 
brought  together  from  various  sources  a  vast  amount 
of  information,  some  of  which  is  not  generally  pos- 
sessed by  the  profession  in  this  country.  We  must 
now  bring  our  notice  of  this  book  to  a  close,  re- 
gretting only  that  we  are  obliged  to  resist  the  temp- 
tation of  giving  further  extracts  from  it.  Dr.  Roberts 
has  already  on  several  occasions  placed  before  the 
profession  the  results  of  researches  made  by  him  on 
various  points  connected  with  the  urine,  and  had  thus 
led  us  to  expect  from  him  something  good — in  which 
expectation  we  have  been  by  no  means  disappointed. 
The  book  is,  beyond  question,  the  most  comprehen- 


sive work  on  urinary  and  renal  diseases,  considered 
in  their  strictly  practical  aspect,  that  we  possess  in 
the  English  language. — British  Medical  Journal,, 
Dec.  9,  1S65. 

We  have  read  this  book  with  much  satisfaction. 
It  will  take  its  place  beside  the  best  treatises  in  our 
language  upon  urinary  pathology  and  therapeutics. 
Not  the  least  of  its  merits  is  that  the  author,  unlike 
some  other  book-makers,  is  contented  to  withhold 
much  that  he  is  well  qualified  to  discuss  in  order  to 
impart  to  his  volume  such  a  strictly  practical  charac- 
ter as  cannot  fail  to  render  it  popular  among  British 
readers. — London  Med,  Times  and  Gazette,  March 
17,  1866. 


MORLAND  ON  RETENTION  IN  THE  BLOOD  OF 
THE  .ELEMENTS  OF  THE  URINARY  SECRE- 
TION.    1  vol.  Svo.,  extra  cloth.    75  cents. 

BLOOD  AND    URINE  (MANUALS  ON).     By   J.  W. 


GriffTh,  G.  0.  Reese,  and   A.  Markwtck.     1  vol. 
12mo  ,  extra  cloth,  with  plates,     pp.  460.    $1  25. 
BUDD  ON  DISEASES  OF  THE  LIVER.  Third  edition. 
1  vol.  8vo.,  extra  cloth,  with  four  beautifully  colored 
plates,  and  numerous  wood-cuts.     pp.  500.    $1  00. 


TONES  (C.  HANDFIELD),  M.  D., 

f  Physician  to  St.  Jlftiry's  Hospital,  &c. 

CLINICAL    OBSERVATIONS 

DISORDERS.     Second  American  Edition, 
extra  cloth,  $-3  25.      (Just  Issued.) 
Taken  as  a  whole,  the  work  before  us  furnishes  a  | 
short  but  reliable  account  of  the  pathology  and  treat- 
ment of  a  class  of  very  common  but  certainly  highly 
obscure  disorders.    The  advanced  student  will  find  it 
a  rich  mine  of  valuable  facts,  while  the  medical  prac- 
titioner will  derive  from  it  many  a  suggestive  hint  to 
aid  him  in  the  diagnosis  of  "nervous  cases,"  and  in 
determining  the  true  indications  for  their  ameliora- 
tion or  cure. — Amer.  Journ.  Med.  Sci.,  Jan.  1867. 


ON   FUNCTIONAL   NERVOUS 

In  one  handsome  octavo  volume  of  348  pages, 

We  must  cordially  recommend  it  to  the  profession 
of  this  country  as  supplying,  in  a  great  measure,  a 
deficiency  which  exists  in  the  medical  literature  of 
the  English  language. — New  York  Med.  Journ.,  April, 

1807. 

The  volume  is  a  most  admirable  one — full  of  hints 
and  practical  suggestions.  —  Canada  Med.  Journal, 
April,  1867. 


8 


LADE  {D.  D.),  M.D. 

DIPHTHERIA ;  its  Nature  and  Treatment,  with  an  account  of  the  His- 
tory of  its  Prevalence  in  various  Countries.  Second  and  revised  edition.  In  one  neat 
royal  12mo.  volume,  extra  cloth.     $1  25.     (Just  issued.) 


SMITH  ON  CONSUMPTION  ;  ITS  EARLY  AND  RE- 
MEDIABLE STAGES.  In  one  neat  octavo  volume 
of  254  pages,  extra  cloth.     $2  25. 

SALTER  ON  ASTHMA  ;  its  Pathology,  Causes,  Con- 
sequences, and  Treatment.  In  one  volume  octavo, 
extra  cloth.     $2  50. 

BUCKLER  ON  FIBRO-BRONCHITIS  AND  RHEU- 
MATIC PNEUMONIA.  In  one  octavo  vol.,  extra 
cloth,  pp   150.     $1   25. 

FISKE  FUND  PRIZE  ESSAYS.— LEE  ON  THE  EF- 


FECTS OF  CLIMATE  ON  TUBERCULOUS  DIS- 
EASE. AND  WARREN  ON  THE  INFLUENCE  OF 
PREGNANCY  ON  THE  DEVELOPMENT  OF  TU- 
BERCLES. Together  in  one  neat  octavo  volume 
extra  cloth,  $1  00. 
WALSHE'S  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES OF  THE  HEART  AND  GREAT  VESSELS. 
Third  American,  from  the  third  revised  and  much 
enlarged  London  edition.  In  oneh;indsomeoctavo 
volume  of  420  pages,  extra  cloth.     $3  00. 


JTUDSON  (A.),  M.  D.,  M.  R.  I.  A., 

■*•-*-        Physician  to  the  Heath  Hospital. 

LECTURES  ON  THE  STUDY 

Cloth,  $2  50.     (Now  Ready  ) 

As  an  admirable  summary  of  the  present  state  of 
our  knowledge  concerning  fever,  the  work  will  be  as 
welcome  to  the  medical  man  in  active  practice  as  to 
the  student.  To  the  hard-worked  practitioner  who 
wishes  to  refresh  his  notions  concerning  fever,  the 

book  will  prove  most  valuable We  heartily 

commend  his  excellent  volume  to  students  and  the 
profession  at  large. — London  Lancet,  June  22,  1867. 

The  truly  philosophical  lectures  of  Dr.  Hudson  add 


OF  FEVER.     In  one  vol.  8vo.,  extra 


much  to  our  previous  knowledge,  all  of  which  they, 
moreover,  analyze  and  condense.  This  well-conceived 
task  has  been  admirably  executed  iu  the  lectures,  il- 
lustrative cases  and  quotations  being  arranged  in  an 
appeudix  to  each.  We  regret  that  space  forbids  our 
quotation  from  the  lectures  on  treatment,  which  are, 
in  regard  to  research  and  judgment,  most  masterly, 
and  evidently  the  result  of  extended  and  mature  ex- 
perience.— British  Medical  Journal,  Feb.  22,  1S68. 


TONS  {ROBERT  D.),  K.  C.  C. 

A  TREATISE  ON  FEVER;  or,  Selections  from  a  Course  of  Lectures 

on  Fever.  Being  part  of  a  Course  of  Theory  and  Practice  of  Medicine.  In  one  neat  octavo 
volume,  of  362  pages,  extra  cloth.     $2  25. 

ALLEMAND  AND    WILSON. 
'A   PRACTICAL  TREATISE    ON    THE    CAUSES,    SYMPTOMS, 

AND   TREATMENT   OF    SPERMATORRHEA.     By  M.  Lallemand.      Translated  and 

edited  by  Henry  J.  McDougall.     Fifth  American  edition.     To  which  is  added ON 

DISEASES  OF  THE  VESICUL^E  SEMINALES,  Asn  their  associated  organs.  With 
special  reference  to  the  Morbid  Secretions  of  the  Prostatic  and  Urethral  Mucous  Membrane. 
By  Marris  Wilson,  M.D.   In  one  neat  octavo  volume,  of  about  400  pp.,  extra  cloth,  $2  75. 


Henry  0.  Lea;8  Publications — (Venereal  Diseases,  etc.). 
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J2UMSTEAD  {FREEMAN  J.),  1)1.  D., 

•*-*         Professor  of  Venere.nl  Diseases  at  the.  Col  of  Phys  and  Surg.,  New  York,  Ac. 

THE  PATHOLOGY  AND  TREATMENT  OF  VENEREAL  DIS- 
EASES. Including  the  results  of  recent  investigations  upon  the  subject.  A  new  and  re- 
vised edition,  with  illustrations.  In  one  large  and  handsome  octavo  volume  of  640  pages, 
extra  cloth,  $5  00.     (Lately  Issued.) 

every  other  treatise  on  Venereal. — San  Francisco 

.Med.  Press,  Oct  1S61. 
A  perfect  compilation  of  all  that  is  worth  knowing 

on  venereal  diseases  in  general.     It  fills  up  a  gap 

which  has  long  been  felt  in  English  medical  literature. 

— Brit,  and  Foreign  Med.-Chirurg.  Review,  Jan.,  '65. 


Well  known  as  one  of  the  best  authorities  of.  the 
present  day  on  the  subject. — British  and  For.  Med.- 
Chirurg.  Review,  April,  1866. 

A  regular  store-house  of  special  information. — 
London  Lancet,  Feb.  24,  1866. 

A  remarkably  clear  and  full  systematic  treatise  on 
the  whole  subject. — Lond.  Med.  Times  and  Gazette. 

The  best,  completest,  fullest  monograph  on  this 
subject  in  our  language. — Br itish  American  Journal. 

Indispensable  in  a  medical  library. — Pacific  Med. 
and  Surg.  Journal. 
We  have  no  doubt  that  it  will  supersede  in  America 


We  have  not  met  with  any  which  so  highly  merits 
our  approval  and  praise  as  the  second  edition  of  Dr. 
Bamstend'swork.— Glasgow  Med.  Journal,  Oct.  1864. 

We  know  of  no  treatise  in  any  language  which  is 
its  equal  in  point  of  completeness  and  practical  sim- 
plicity.—  Boston  Medical  and  Surgical  Journal, 
Jan.  30,  1864. 


(lULLERIER  {A.),  and 

^  Surgeon  to  the  Hdpital  du  Midi. 


AN    ATLAS    OF    VENEREAL 


~DUMSTEAD  (FREEMAN  J.), 

-*--*        Professor  of  Venerea  I  Diseases  in  the  College,  of 
Physicians  ami  Surgeons,  N.  Y. 

DISEASES.      Translated    and    Kdited    by 

Freeman  J.  Bumstead.  In  one  large  imperial  4to.  volume  of  328  pages,  double-columns, 
with  26  plates,  containing  about  150  figures,  beautifully  colored,  many  of  them  the  size  of 
life;  strongly  bound  in  extra  cloth,  §17  00  ;  also,  in  five  parts,  stout  wrappers  for  mailing,  at 
$3  per  part.     {Just  Ready.) 

As  the  successor  of  Ricord  in  the  great  Venereal  Hospital  of  Paris,  M.  Cullerier  has  enjoyed 
special  advantages  for  the  present  undertaking,  and  his  series  of  illustrations,  though  only  recently 
finished,  is  already  recognized  as  the  most  complete  and  comprehensive  that  has  yet  appeared  on 
this  subject.  In  reproducing  these  plates  every  care  has  been  had  to  preserve  their  artistic  finish 
and  accuracy,  and  they  are  confidently  presented  as  equal  to  anything  that  has  yet  been  produced 
in  this  country.  The  reputation  of  Dr.  Bumstead  as  a  writer  and  syphilographer  is  too  well  known 
to  require  other  guarantee  for  the  fidelity  of  the  translation  or  the  value  of  the  additions  introduced. 

Anticipating  a  very  large  sale  for  this  work,  it  is  offered  at  the  very  low  price  of  Three  Dol- 
lars a  Part,  thus  placing  it  within  the  reach  of  all  who  are  interested  in  this  department  of  prac- 
tice.    Gentlemen  desiring  early  impressions  of  the  plates  would  do  well  to  order  it  without  delay. 

A  specimen  of  the  plates  and  text  sent  free  by  mail,  on  receipt  of  25  cents. 

The  fifth  and  concluding  number  of  this  magnificent 
work  has  readied  us,  and  we  have  no  hesitation  in 


We  wish  for  once  that  our  province  was  not  restrict- 
ed to  methods  of  treatment,  that  we  might  say  some- 
thing of  the  exquisite  colored  plates  in  this  volume. 
— London  Practitioner,  May,  1869. 

As  a  whole,  it  teaches  all  that  can  be  taught  by 
means  of  plates  and  print. — London  Lancet,  March 
13, 1S69. 

Superior  to  anything  of  the  kind  ever  before  issued 
on  this  continent. — Canada  Med.  Journal,  March,  69. 

The  practitioner  who  desires  to  understand  this 
branch  of  medicine  thoroughly  should  obtain  this, 
the  most  complete  and  best  work  ever  published. — 
Dominion  Med.  Journal,  May,  1S69. 

This  is  a  work  of  master  hands  on  both  sides.  M. 
Cullerier  is  scarcely  second  to,  we  think  we  may  truly 
say  is  a  peer  of  the  illustrious  and  venerable  Ricord, 
while  in  this  country  we  do  not  hesitate  to  say  that 
Dr.  Bumstead,  as  an  authority,  is  without  a  rival 
Assuring  our  readers  that  these  illustrations  tell  the 
whole  history  of  venereal  disease,  from  its  inception 
to  its  end,  we  do  not  know  a  single  medical  work, 
which  for  its  kind  is  more  necessary  for  them  to  have. 
—California  Med.  Gazette,  March,  1869. 

The  most  splendidly  illustrated  work  in  the  lan- 
guage, and  in  our  opinion  far  more  useful  than  the 
French  original — Am.  Journ.  Med.  Sciences,  Jan. '69 


saying  that  its  illu-trations  surpass  those  of  previous 
uumbers.— Boston  Med.  and  Surg.  Journal,  Jan.  14, 
1869. 

Other  writers  besides  M.  Cullerier  have  given  us  a 
good  account  of  the  diseases  of  which  he  treats,  but 
no  one  has  furnished  us  with  such  a  complete  series 
of  illustrations  of  the  venereal  diseases.  There  is, 
however,  an  additional  interest  and  value  possessed 
by  the  volume  before  us  ;  for  it  is  an  American  reprint 
and  translation  of  M.  Cullerier's  work,  with  inci- 
dental remarks  by  one  of  the  most  eminent  American 
syphilographers,  Mr.  Bnmstead.  The  letter-press  is 
chiefly  M.  Cullerier's,  but  every  here  and  there  a  few 
lines  or  sentences  are  introduced  by  Mr.  Bumstead  ; 
and,  as  M.  Cullerier  is  a  unicist,  while  Mr.  Bumstead 
is  a  dualist,  this  method  of  treating  the  subject  adds 
very  much  to  its  interest.  By  this  means  a  liveliness 
is  imparted  to  the  volume  which  many  other  treatises 
sorely  lack.  It  is  like  reading  the  report  of  a  conver- 
sation or  debate  ;  for  Mr.  Bumstead  often  finds  occa- 
sion to  question  M. Cullerier's  statements  or  inferences, 
and  this  he  does  in  a  short  and  forcible  way  which 
helps  to  keep  up  the  attention,  and  to  make  the.  book 
a  very  readable  one. — Brit,  and  For.  Medico-Chir. 
Review,  July,  1S69. 


JJILL  (BERKELEY), 

Surgeon  to  the  Lock  Hospital,  London. 

ON  SYPHILIS  AND  LOCAL  CONTAGIOUS  DISORDERS. 

one  handsome  octavo  volume  :  extra  cloth,  $3  25.     (Just  Issued.) 


In 


Bringing,  as  it  does,  the  entire  literature  of  the  dis- 
ease down  to  the  present  day,  and  giving  with  great 
ability  the  results  of  modern  research,  it  is  in  every 
respect  a  most  desirable  work,  and  one  which  should 
find  a  place  in  the  library  of  every  surgeon.— Cali- 
fornia Med.  Gazette,  June,  1869. 

Considering  the  scope  of  the  book  and  the  careful 
attention  to  the  manifold  aspects  and  details  of  its 
subject,  it  is  wonderfully  concise.  All  these  qualities 
render  it  an  especially  valuable  book  to  the  beginner, 
to  whom  we  would  most  earnestly  recommend  its 
study;  while  it  is  no  loss  useful  bo  tbe  practitioner.— 
lit.  Lotus  Mtd.  and  Surg.  Journal,  May,  1S69. 


The  author,  from  a  vast  amount  of  material,  with 
all  of  which  he  was  perfectly  familiar,  has  under- 
taken to  construct  a  new  book,  and  has  really  suc- 
ceeded in  producing  a  capital  volume  upon  this 
subject. — Nashville  Med.  and  Surg.  Journal,  May, 
1S69. 

The  most  convenient  and  ready  book  of  reference 
we  have  met  with. — N.  Y.  Med.  Record,  May  1,  1Si>9. 

Most  admirably  arranged  for  both  student  and  pcac* 
titiorier,  no  other  work  on  the  subject  equals  it  ;  it  is 
more  simple,  more  easily  studied.— Buffalo  Med.  and 
Surg.  Journal,  March,  I860. 
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~WTILSON  ( ERASM  US ) ,  F.  R.  S., 

ON  DISEASES  OF  THE  SKIN.  With  Illustrations  on  wood.  Sev- 
enth American,  from  the  sixth  and  enlarged  English  edition.  In  one  large  octavo  volume 
of  over  800  pages,  $5.      (Just  Issued.) 

A  SERIES  OF  PLATES  ILLUSTRATING  "WILSON  ON  DIS- 
EASES OF  THE  SKIN;*'  consisting  of  twenty  beautifully  executed  plates,  of  which  thir- 
teen are  exquisitely  colored,  presenting  the  Normal  Anatomy  and  Pathology  of  the  Skin, 
and  embracing  accurate  representations  of  about  one  hundred  varieties  of  disease,  most  of 
them  the  size  of  nature.  Price,  in  extra  cloth,  $5  50. 
Also,  the  Text  and  Plates,  bound  in  one  handsome  volume.     Extra  cloth,  $10. 

From  the  Preface  to  the  Sixth  English  Edition. 
The  present  edition  has  been  carefully  revised,  in  many  parts  rewritten,  and  our  attention  has 
been  specially  directed  to  the  practical  application  and  improvements  of  treatment.  And,  in 
conclusion,  we  venture  to  remark  that  if  an  acute  and  friendly  critic  should  discover  any  differ- 
ence between  our  present  opinions  and  those  announced  in  former  editions,  we  have  only  to  ob- 
serve that  science  and  knowledge  are  progressive,  and  that  we  have  done  our  best  to  move  onward 
with  the  times. 

The  industry  and  care  with  which  the  author  has  revised  the  present  edition  are  shown  by  the 
fact  that  the  volume  has  been  enlarged  by  more  than  a  hundred  pages.  In  its  present  improved 
form  it  will  therefore  doubtless  retain  the  position  which  it  has  acquired  as  a  standard  and  classical 
authority,  while  at  the  same  time  it  has  additional  claims  on  the  attention  of  the  profession  as 
the  latest  and  most  complete  work  on  the  subject  in  the  English  language. 


Such  a  work  as  the  one  before  us  is  a  most  capital 
and  acceptable  help.  Mr.  Wilson  has  long  been  held 
as  high  authority  in  this  department  of  medicine,  and 
his  book  on  diseases  of  the  skin  has  long  been  re- 
garded as  one  of  the  best  text-books  extant  on  the 
subject.  The  present  edition  is  carefully  prepared, 
and  brought  up  in  its  revision  to  the  present  time  In 
this  edition  we  have  also  i  ucluded  the  beautiful  series 
of  plates  illustrative  of  the  text,  and  in  the  last  edi- 
tion published  separately.  There  are  twenty  of  these 
plates,  nearly  all  of  them  colored  to  nature,  and  ex- 
hibiting with  great  fidelity  the  various  groups  of 
diseases  treated  of  in  the  body  of  the  work. — Cin- 
cinnati Lancet,  June,  1863. 

No  one  treating  skin  diseases  should  be  without 
a  copy  of  this  standard  work. —  Canada  Lancet. 
August,  1863. 

T>Y  THE  SAME  AUTHOR.  

THE  STUDENT'S  BOOK  OF  CUTANEOUS  MEDICINE  and  Dis- 

eases  of  the  skin.    In  one  very  handsome  royal  12mo.  volume.    $3  50.    (Lately  Issued.) 

ffELIGAN  {J.  MO  ORE),  M.D.,  M.R.I.  A., 

A    PRACTICAL    TREATISE    ON    DISEASES    OF    THE    SKIN 

Fifth  American,  from  the  second  and  enlarged  Dublin  edition  by  T.  W.  Belcher,  M.  D. 
In  one  neat  royal  12mo.  volume  of  462  pages,  extra  cloth.     $2  25.      (Just  Issued.) 

Fully  equal  to  all  the  requirements  of  students  and     fully  up  to  the  times,  and  is  thoroughly  stocked  with 


We  can  safely  recommend  it  to  the  profession  as 
the  best  work  on  the  subject  now  in  existence  in 
the  English  language. — Medical  Times  and  Gazette. 

Mr  Wilson's  volume  is  an  excellent  digest  of  tbe 
actual  amount  of  knowledge  of  cutaneous  diseases ; 
it  iucludes  almost  every  fact  or  opinion  of  importance 
connected  with  the  anatomy  and  pathology  of  the 
skin. — British  and  Foreign  Medical  Review. 

These  plates  are  very  accurate,  and  are  executed 
with  an  elegance  and  taste  which  are  highly  creditable 
to  the  artistic  skill  of  the  American  artist  who  executed 
them. — St.  Louis  Med.  Journal. 

The  drawings  are  very  perfect,  and  tbe  finish  and 
coloring  artistic  and  correct;  the  volume  is  an  indis- 
pensable companion  to  the  book  it  illustrates  and 
completes. — Charleston  Medical  Journal. 


young  practitioners.  It  is  a  work  that  h,as  stood  it: 
ground,  that  was  worthy  the  reputation  of  the  au- 
thor, and  the  high  position  of  which  has  been  main- 
tained by  its  learned  editor. — Dublin  Med.  Press  and 
Circular,  Nov.  17,  18U9. 


most  valuable  information. — New  York  Med.  Record, 
Jan.  15,  1S67. 

This  instructive  little  volume  appears  once  more. 
Since  the  death  of  its  distinguished  author,  the  study 
of  skin  diseases  has  been  considerably  advanced,  and 


B' 


Of  the  remainder  of  the  work  we  have  nothing  be-  the  results  of  these  investigations  have  been  added 
yond  unqualified  commendation  to  offer.  It  is  so  far  by  the  present  editor  to  the  original  work  of  Dr.  Neli- 
the  most  complete  oue  of  its  size  that  has  appearsd,  gau.  This,  however,  has  not  so  far  increased  its  bulk 
and  for  the  student  there  can  be  none  which  can  com-  as  to  destroy  its  reputation  as  the  most  convenient 
pare  with  it  in  practical  value.  All  the  late  disco  manual  of  diseases  of  the  skin  that  can  be  procured 
veries  in  Dermatology  have  been  duly  noticed,  and  by  the  student. — Chicago  Med.  Journal,  Dec.  1866. 
their  value  justly  estimated;  in  a  word,  the  work  is  | 

>r  THE  SAME  AUTHOR.  

ATLAS   OF   CUTANEOUS    DISEASES.      In   one  beautiful   quarto 

volume,  with  exquisitely  colored  plates,  &c,  presenting  about  one  hundred  varieties  of 

disease.     Extra  cloth,  $5  50. 

Inclined  to  consider  it  a  very  superior  work,  com- 
biaing  accurate  verbal  description  with  sound  views 
of  the  pathology  and  treatment  of  eruptive  diseases. 
—  Glasgow  Med.  Journal. 

A  compend  which  will  very  much  aid  the  practi- 
tioner in  this  difficult  branch  of  diagnosis      ' 


The  diagnosis  of  eruptive  disease,  however,  usder 
all  circumstances,  is  very  difficult.  Nevertheless, 
Dr.  Neligan  has  certainly,  "as  far  as  possible,'' given 
a  faithful  and  accurate  representation  of  this  class  of 
diseases,  and  there  can  be  no  doubt  that  these  plates 
will  be  of  great  use  to  the  student  and  practitioner  in 
drawiug  a  diagnosis  as  to  the  class,  order,  and  species 
to  which  the  particular  case  may  belong  While 
looking  over  the  "Atlas"  we  have  been  induced  to 
examine  also  the  "Practical  Treatise,"  and  we  are 


Taken 
with  the  beautiful  plates  of  the  Atlas,  which  are  re- 
markable for  their  accuracy  and  beauty  of  coloring, 
it  constitutes  a  very  valuable  addition  to  the  library 
of  a  practical  man.— Buffalo  Med.  Journal. 


TJILLIER  {THOMAS),  M.D., 

JLJ.  Physician  to  the  Shin  Department  of  University  College  Hospital,  Ac. 

HAND-BOOK  OF  SKIN  DISEASES,  for  Students  and  Practitioners. 

In  one  neat  royal  12mo.  volume  of  about  300  pages,  with  two  plates;  extra  cloth,  $2  25. 
(J usl  Issued.) 
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UMITH  (J.  LE  WIS),  M.  D., 

^  Professor  of  Morbid  Anatomy  in  the  Bellevue  Hospital  Med.  College,  N.  Y. 

A  COMPLETE  PRACTICAL  TREATISE  ON  THE  DISEASES  OF 

CHILDREN.    In  one  handsome  octavo  volume  of  620  pages,  extra  cloth,  $4  75  ;  leather, 
$5  75.      (Now  Ready.) 

experience  which  he  has  beon  enabled  to  acquire  in 
the  treatmeut  of  infantile  diseases,  and  the  care  which 


We  have  no  work  upon  the  Diseases  of  Infancy  and 
Childhood  which  can  compare  with  it. — Buffalo  Med. 
and  Burg.  Journal,  March,  1869. 

The  description  of  the  pathology,  symptoms,  and 
treatment  of  the  different  diseases  is  excellent. — Am. 
Med.  Journal,  April,  1869.  , 

So  full,  satisfactory,  aud  complete  is  the  information 
to  be  derived  from  this  work,  that  at  no  time  have  we 
examined  the  pages  of  any  book  with  more  pleasure. 
The  diseases  incident  to  childhood  are  treated  with  a 
clearness,  precision,  and  understanding  that  is  not 
often  met  with,  and  which  must  call  forth  the  ap- 
proval of  all  who  consult  its  pages. — Cincinnati  Med. 
Repertory,  May,  1869. 

This  work  is  complete  on  the  subject  of  which  it 
treats,  and  enters  more  fully,  with  clearness  and  pre- 
cision, into  the  diseases  of  childhood  than  most  other 
works  which  we  have  seen.  Physicians  or  students 
who  wish  to  obtain  a  work  containing  the  latest  views 
on  the  treatmeut  of  children  will  find  this  one  of  the 
best. — Dominion  Med.  Journal,  April,  1869. 

The  author  of  this  volume  is  well  known  as  a 
valued  contributor  to  the  literature  of  his  specialty. 
The  faithful  manner  in  which  he  has  worked  in  the 
public  institutions  with  which  he  has  been  connected, 
the  conscientious  regard  for  truth  which  has  for  years 
characterized  all  his  researches,  the  great  amount  of 


he  has  accustomed  himself  to  take  in  the  study  of  the 
significant  facts  relating  to  the  pathological  auatomy 
of  the  diseases  of  childhood,  eminently  lit  him  for  the 
task  which  he  has  taken  upou  himself  The  remark- 
able faculty  of  bringing  out  salieut  points  and  stating 
coucisely  other  less  important  farts,  enables  him  to 
crowd  within  a  small  compass  a  vast  amount  of  prac- 
tical information.  The  attention  given  to  the  treat- 
ment of  the  various  maladies,  as  well  an  the  presenta- 
tion of  all  the  recently  accepted  pathological  views, 
make  it  one  of  the  most  valuable  treatises,  within  its 
present  compass,  that  can  be  placed  in  the  hands  of 
any  seeker  after  truth  The  volume  as  a  whole  will 
still  further  establish  for  the  writer  a  permanent  and 
enviable  reputation  as  a  careful  observer,  an  impar- 
tial interpreter,  a  safe  and  trustworthy  adviser,  and 
a  modest  and  untiring  student. — N.  Y.  Med.  Record, 
March  15,  1869. 

We  have  perused  Dr.  Smith's  book  with  not  a  little 
satisfaction;  it  is  indeed  an  excellent  work  :  well  and 
correctly  written;  thoroughly  up  to  the  modern  ideas  ; 
concise,  yet  complete  in  its  material.  We  cannot  help 
welcoming  a  work  which  will  be  worthy  of  reliance 
as  a  text-book  for  medical  students  and  younger  phy- 
sicians in  their  investigation  of  disease  in  chiidreu. 
Boston  Med.  and  Surg.  Journal,  March  4,  1S69. 


f/ONDIE  (D.  FRANCIS),  M.  D. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN. 

Sixth  edition,  revised  and  augmented.     In  one  large  octavo  volume  of  nearly  800  closely- 
printed  pages,  extra  cloth,  $5  25  ;  leather,  $6  25.       (Lately  Issued.) 


Dr.  Condie  lias  been  one  of  those  who  have  per- 
formed such  a  service  satisfactorily,  and,  as  a  result, 
his  popular,  comprehensive,  and  practical  work  has 
received  that  high  compliment  of  approval  on  the 
part  of  his  brethren,  which  several  editions  incontes- 
tably  set  forth.  The  present  edition,  which  is  the 
sixth,  is  fully  up  to  the  times  in  the  discussion  of  all 
those  points  in  the  pathology  and  treatment  of  infan- 
tile diseases  which  have  been  brought  forward  by  the 
German  and  French  teachers.  As  a  whole,  however, 
the  work  is  the  best  American  one  that  we  have,  and 
in  its  special  adaptation  to  American  practitioners  it 
certainly  has  no  equal. — New  York  Med.  Record, 
March  2,  1868. 

No  other  treatise  on  this  subject  is  better  adapted 
to  the  American  physician.    Dr.  Condie  has  long  stood 


before  his  countrymen  as  one  peculiarly  pre-eminent 
in  this  departmeut  of  medicine  His  work  has  been 
so  long  a  standard  for  practitioners  and  medical  stu- 
dents that  we  do  no  more  now  than  refer  to  the  fact 
that  it  has  reached  its  sixth  edition.  We  are  glad 
once  more  to  refresh  the  impressions  of  our  earlier 
days  by  wandering  through  its  pages,  aud  at  the  same 
time  to  be  able  to  recommend  it  to  the  youngest  mem- 
bers of  the  profession,  as  well  as  to  those  who  have 
the  older  editions  on  their  shelves. — St.  Louis  Med. 
Reporter,  Feb.  15,  1S68 

We  pronounced  the  first  edition  to  be  the  best  work 
on  the  diseases  of  children  in  the  English  languaga, 
and,  notwithstanding  all  that  has  been  published,  we 
still  regard  it  in  that  light. — Medical  Examiner. 


TXTEST  (CHARLES),  M.D., 

''  Physician  to  the  Hospital  for  Sick  Children,  &c. 

LECTURES   ON   THE   DISEASES    OF   INFANCY  AND  CHILD- 

HOOD.  Fourth  American  from  the  fifth  revised  and  enlarged  English  edition.  In  one 
large  and  handsome  octavo  volume  of  656  closely-printed  pages.  Extra  cloth,  $4  50 ; 
leather,  $5  50.      (Lately  issued.) 


Of  all  the  English  writers  on  the  diseases  of  chil- 
dren, there  is  no  one  so  entirely  satisfactory  to  us  as 
Dr.  West.  For  years  we  have  held  his  opinion  as 
judicial,  and  have  regarded  him  as  one  of  the  highest 
living  authorities  in  the  difficult  department  of  medi- 
cal science  in  which  he  is  most  widely  known.  His 
writings  are  characterized  by  a  sound,  practical  com- 
mon sense,  at  the  same  time  that  they  bear  the  marks 
of  the  most  laborious  study  and  investigation.  We 
commend  it  to  all  as  a  most  reliable  adviser  on  many 
occasions  when  many  treatises  on  the  same  subjects 
will  utterly  fail  to  help  us.—  Boston  Med.  and  Surg. 
Journal,  April  26,  1866.  


Dr.  West's  volume  is,  in  our  opinion,  incomparably 
the  best  authority  upou  the  maladies  of  children 
that  the  practitioner  can  consult.  Withal,  too — a 
minor  matter,  truly,  but  still  not  one  that  should  be 
neglected — Dr.  West's  composition  possesses  a  pecu- 
liar charm,  beauty  and  clearness  of  expression,  thus 
affording  the  reader  much  pleasure,  even  independent 
of  that  which  arises  from  the  acquisition  of  valuable 
truths. — Cincinnati  Jour,  of  Medicine,  March,  ISoti. 

We  have  long  regarded  it  as  the  most  scientific  and 
practical  book  on  diseases  of  children  which  has  yet 
appeared  in  this  country. — Buffalo  Medical  Journal. 


s 


MITH  (EUSTACE).  M.  D., 

Physician  to  the  Northwest  London  Free  Dispensary  for  Sick  Children. 

A  PRACTICAL  TREATISE   ON   THE  WASTING   DISEASES  OP 

INFANCY  AND  CHILDHOOD.      1  vol.  8vo.,  pp.  195,  extra  cloth,  $1  50.     (Just  Heady. 


T\EWEES  (WILLIAM  P.),  M.D., 

J-S  Late  Professor  of  Midwifery,  &c,  in  the  University  of  Pennsylvania,  &c. 

A   TREATISE   ON   THE    PHYSICAL   AND   MEDICAL   TREAT- 

MENT  OF  CHILDREN.     Eleventh  edition,  with  the  author's  last  improvements  and  cor- 
rections.    In  one  octavo  volume  of  548  pages.     $2  80. 
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/THOMAS  (71  GAILLARD),  M.  D., 

J-  Professor  of  Obstetrics,  *c  in  the  College  of  Physicians  and  Surgeons,  N.  Y.,  &c. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  WOMEN.    Se- 

cond  edition,  revised  and  improved      In  one  large  and  handsome  octavo  volume  of  650 
pages,  with  225  illustrations,  extra  cloth,  $5;  leather,  $6.      (Now  Ready.) 
From  the  Preface  to  the  Second  Edition. 
In  a  science  so  rapidly  progressive  as  that  of  medicine,  the  profession  has  a  right  to  expect  that, 
when  its  approbation  of  a  work  is  manifested  by  a  call  for  a  new  edition,  the  author  should  re- 
spond by  giving  to  his  book  whatever  of  additional  value  may  be  derivable  from  more  extended 
experience,    maturer  thought,   and  the  opportunity  for  correction.     Fully  sensible  of  this,  the 
author  of  the  present  volume  has  sought  by  a  careful  revision  of  the  whole,  and  by  the  addition 
of  a  chapter  on  Chlorosis,  to  render  his  work  more  worthy  of  the  favor  with  which  it  has  been 
received. — New  York,  March,  1869. 


If  the  excellence  of  a  work  is  to  be  judged  by  its 
rapid  sale,  this  one  m  ust  take  precedence  of  all  others 
upon  the  same,  or  kindred  subjects,  as  evidenced  in 
the  short  time  from  its  first  appearance,  in  which  a 
new  edition  is  called  for,  resulting,  as  we  are  informed, 
from  the  exhaustion  of  the  previous  large  edition.  We 
deem  it  scarcely  necessery  to  recommend  this  work 
to  physicians  as  it  is  now  widely  known,  and  most 
of  them  already  possess  it,  or  will  certainly  do  so. 
To  students  we  unhesitatingly  recommend  it  as  the 
best  text-book  on  diseases  of  females  extant.— St  Louis 
Med.  Reporter,  June,  1869. 

Of  all  the  army  of  books  that  have  appeared  of  late 
years,  on  the  diseases  of  the  uterus  and  its  appendages, 
we  know  of  none  that  is  so  clear,  comprehensive,  and 
practical  as  this  of  Dr.  Thomas',  or  one  that  we  should 
more  emphatically  recommend  to  the  young  practi- 
tioner, as  his  guide. — California  Med.  Gazette,  June, 
1S39. 

If  not  the  best  work  extant  on  the  subject  of  which 
it  treats,  it  is  certainly  second  to  none  other.  So 
short  a  time  has  elapsed  since  the  medical  press 
teemed  with  commendatory  notices  of  the  first  edition, 
that  it  would  be  superfluous  to  give  an  extended  re- 
view of  what  is  now  firmly  established  as  the  American 
text-book  of  Gynecology.—  N.  Y.  Med.  Gazette,  July 
17,  1869. 

This  is  a  new  and  revised  edition  of  a  work  which 
we  recently  noticed  at  some  length,  and  earnestly 
commended  to  the  favorable  attention  of  our  readers. 
The  fact  that,  in  the  short  space  of  one  year,  this 
second  edition  makes  its  appearance,  shows  that  the 
general  judgment  of  the  profession  has  largely  con- 
firmed the  opinion  we  gave  at  that  time. —  Cincinnati 
Lancet,  Aug.  1869. 

It  is  so  short  a  time  since  we  gave  a  full  review  of 
the  first  edition  of  this  book,  that  we  deem  it  only 
necessary  now  to  call  attention  to  the  second  appear- 
ance of  the  work.  Its  success  has  been  remarkable, 
and  we  can  only  congratulate  the  author  on  the 
brilliant  reception  his  book  has  received. — N.  Y.  Med. 
Journal,  April,  1S69. 


We  regard  this  treatise  as  the  one  best  adapted  to 
serve  as  a  text-book  on  gynecology. — St.  Louis  Med. 
and  Surg:  Journal,  May  10,  1869. 

The  whole  work  as  it  now  stands  is  an  absolute 
indispensable  to  any  physician  aspiring  to  treat  the 
diseases  of  females  with  success,  and  according  to  the 
most  fully  accepted  views  of  their  a;tiology  and  pa- 
thology.— Leavenworth  Medical  Herald,  May,  1869. 

We  have  seldom  read  a  medical  book  in  which  we 
found  so  much  to  praise,  and  so  little — we  can  hardly 
say  to  object  to — to  mentiou  with  qualified  commen- 
dation. We  had  proposed  a  somewhat  extended 
review  with  copious  extracts,  but  we  hardly  know 
where  we  should  have  space  for  it.  We  therefore 
content  ourselves  with  expressing  the  belief  that 
every  practitioner  of  medicine  would  do  well  to  pos- 
sess himself  of  the  work.—  Boston  Med.  and  Surg. 
Journal,  April  29,  1869. 

The  number  of  works  published  on  diseases  of 
women  is  large,  not  a  few  of  which  are  very  valuable. 
But  of  those  which  are  the  most  valuable  we  do  not 
regard  the  work  of  Dr.  Thomas  as  second  to  any. 
Without  being  prolix,  it  treats  of  the  disorders  to 
which  it  is  devoted  fully,  perspicuously,  and  satisfac- 
torily. It  will  be  found  a  treasury  of  knowledge  to 
every  physician  who  turns  to  its  pages.  We  would 
like  to  make  a  number  of  quotations  from  the  work 
of  a  practical  bearing,  but  our  space  will  not  permit 
The  work  should  fiud  a  place  in  the  libraries  of  all 
physicians.— Cincinnati  Med.  Repertory,  May,  1869. 

No  one  will  be  surprised  to  learn  that  the  valuable, 
readable,  and  thoroughly  practical  book  of  Professor 
Thomas  has  so  soon  advanced  to  a  second  edition. 
Although  very  little  time  has  necessarily  been  allowed 
our  author  for  revision  and  improvement  of  the  work, 
he  has  performed  it  exceedingly  well.  Aside  from 
the  numerous  corrections  which  he  has  fouud  neces- 
sary to  make,  he  has  added  an  admirable  chapter  on 
chlorosis,  which  of  itself  is  worth  the  cost  of  the 
volume.— N.  Y.  Med.  Record,  May  15,  1869. 


/CHURCHILL  {FLEETWOOD),  M.  D.,  M.  R.  I.  A. 

ON  THE  DISEASES    OF  WOMEN;    including  those  of  Pregnancy 

and  Childbed.    A  new  American  edition,  revised  by  the  Author.    With  Notes  and  Additions, 
by  D.  Francis   Condie,  M.  D.,  author  of  "  A  Practical  Treatise  on  the  Diseases  of  Chil- 
dren."    With  numerous  illustrations.      In  one  large  and  handsome  octavo  volume  of  768 
pages,  extra  cloth,  $4  00;  leather,  $5  00. 
T>Y  THE  SAME  AUTHOR.  

ESSAYS  ON  THE  PUERPERAL  FEVER,  AND  OTHER  DIS- 
EASES PECULIAR  TO  WOxMEN.  Selected  from  the  writings  of  British  Authors  previ- 
ous to  the  close  of  the  Eighteenth  Century.  In  one  neat  octavo  volume  of  about  450 
pages,  extra  cloth.     $2  50. 


BROWN  ON  SOME  DISEASES  OF  WOMEN  AD- 
MITTING OK  SURGICAL,  TREATMENT.  With 
handsome  illustrations.  One  volume  8vo.,  extra 
cloth,  pp.  276.     $1  60.* 

ASHWELL'S  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES PECULIAR  TO  WOMEN.  Illustrated  by 
Qases  derived  from  Hospital  and- Private  Practice. 
Third  American,  from  the  Third  and  revised  Lon- 
don edition.  In  one  octavo  volume,  extra  cloth, 
of  52S  pages.     $3  50. 

RIGBY  ON  THE  CONSTITUTIONAL  TREATMENT 
OF  FEMALE  DISEASES.  In  one  neat  roy;il  12mo, 
volume,  extra  cloth,  of  about  2.">0  pages.    $1  00, 

DEWEES'S  TREATISE  ON  THE  DISEASES   OF  FE- 


MALES. With  illustrations.  Eleventh  Edition, 
with  the  Author's  last  improvements  and  correc- 
tions. In  one  octavo  volume  of  536  pages,  with 
plates,  extra  cloth,  $3  00. 
COLOMBAT  DE  L'ISERE  ON  THE  DISEASES  OF 
FEMALES.  Translated  by  C.  D.  Meigs,  M.  D.  Se- 
cond edition.  In  one  vol.  8vo,  extra  cloth,  with 
numerous  wood-cuts.     pp.  720.     $3  75. 

BENNETT'S  PRACTICAL  TREATISE  ON  INFLAM- 
MATION OF  THE  UTERUS,  ITS  CERVIX  AND 
APPENDAGES,  and  ou  its  connection  with  Uterine 
Disease.  Sixth  American,  from  the  fourth  and  re- 
vised English  edition.  1  vol.  8vo.,  of  about  500 
pages,  extra  cloth.     $3  75. 
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TJODGE  {HUGH  L.),  M.D. 

■J-J-  Emeritus  Professor  of  Obstetrics,  &c,  in  the  University  of  Pennsylvania. 

ON  DISEASES  PECULIAR  TO  WOMEN;  including  Displacements 

of  the  Uterus.  With  original  illustrations.  Second  edition,  revised  and  enlarged.  In 
one  beautifully  printed  octavo  volume  of  5.31  pages,  extra  cloth.  $4  50.  (Just  Issued.) 
In  the  preparation  of  this  edition  the  author  has  spared  no  pains  to  improve  it  with  the  results 
of  his  observation  and  study  during  the  interval  which  has  elapsed  since  tbe  first  appearance  ot. 
the  work.  Considerable  additions  have  thus  been  made  to  it,  which  have  been  partially  accom- 
modated by  an  enlargement  in  the  size  of  the  page,  to  avoid  increasing  unduly  the  bulk  oi  the 
volume. 


From  Prof.  W.  H.  Btford,  of  the  Rush  Medical 
College,  Chicago, 

The  book  bears  the  impress  of  a  master  hand,  and 
must,  as  its  predecessor,  prove  acceptable  to  the  pro- 
fession. In  diseases  of  women  Dr.  Hodge  has  estab- 
lished a  school  of  treatment  that  has  become  world- 
wide in  fame. 

Professor  Hodge's  work  is  truly  an  original  one 
from  beginning  to  end,  consequently  no  one  can  pe- 
ruse its  pages  without  learning  something  new.  The 
book,  which  is  by  no  means  a  large  one,  is  divided  into 
two  grand  sections,  so  to  speak :  first,  that  treatiug  of 
the  nervous  sympathies  of  the  uterus,  and,  secondly, 
that  which  speaks  of  the  mechanical  treatment  of  dis- 
placements of  that  organ.  He  is  disposed,  as  a  non- 
believer  in   the  frequency  of  inflammations  of  the 


litems,  to  take  strong,  ground  against  many  of  the 
highest  authorities  in  this  branch  of  medicine,  and 
the  arguments  which  he  offers  in  support  of  his  posi- 
tion are,  to  say  the  least,  well  put.  Numerous  wood- 
cuts adorn  this  portion  of  the  work,  and  add  incalcu- 
lably to  the  proper  appreciation  of  the  variously 
shaped  instruments  referred  to  by  our  author.  As  a 
contribution  to  the  study  of  women's  diseases,  it  is  of 
great  value,  and  is  abundantly  able  to  stand  on  its 
own  merits.— N.  Y.  Medical  Record,  Sept.  15,  1868. 

In  this  point  of  view,  the  treatise  of  Professor 
Hodge  will  be  indispensable  to  every  student  in  its 
department.  The  large,  fair  type  and  general  perfec- 
tion of  workmanship  will  render  it  doubly  welcome. 
—Pacific  Med.  and  Surg.  Journal,  Oct.  1868. 


1XTEST  {CHARLES),  M.D. 

LECTURES  ON  THE  DISEASES  OF  WOMEN.    Third  American, 

from  the  Third  London  edition.     In  one  neat  octavo  volume  of  about  550  pages,  extra 
cloth.     $3  75;  leather,  $4  75.      (Just  Issued.) 
The  reputation  which  this  volume  has  acquired  as  a  standard  book  of  reference  in  its  depart- 
ment, renders  it  only  necessary  to  say  that  the  present  edition  has  received  a  careful  revision  at 
the  hands  of  the  author,  resulting  in  a  considerable  increase  of  size.     A  few  notices  ot  pievious 
editions  are  subjoined 


The  manner  of  tbe  author  is  excellent,  his  descrip- 
tions graphic  and  perspicuous,  and  his  treatment  up 
to  the  level  of  the  time- clear,  precise,  definite,  and 
marked  by  stroDg  common  sense.  —  Chicago  Med. 
Journal,  Dec.  1861. 

We  cannot  too  highly  recommend  this,  the  second 
edition  of  Dr.  West's  excellent  lectures  on  the  dis- 
eases of  females.  We  know  of  no  other  book  on  this 
subject  from  which  we  have  derived  as  rnueh  pleasure 
and  instruction.  Every  page  gives  evidence  of  the 
honest,  earnest,  and  diligent  searcher  after  truth.  He 
is  not  the  mere  compiler  of  other  men's  ideas,  but  his 
lectures  are  the  result  often  years'  patient  investiga- 
tion in  one  of  the  widest  fields  for  women's  diseases— 
St.  Bartholomew's  Hospital.  As  a  teacher,  Dr.  West 
is  simple  and  earnest  in  his  language,  clear  and  com- 
prehensive in  his  perceptions,  and  logical  in  his  de- 
ductions.— Cincinnati  Lancet,  Jan.  1862. 

We  return  the  author  our  grateful  thanks  for  the 
vast  amount  of  instruction  he  has  afforded  us.  His 
valuable  treatise  needs  no  eulogy  on  our  part.  His 
graphic  diction  and  truthful  pictures  of  disease  all 
speak  for  themselves.— Medieb-Chirurp.  Renew. 

Most  justly  esteemed  a  standard  work.  ....  It 
bears  evidence  of  having  been  carefully  revised,  and 
is  well  worthy  of  the  fame  it  has  already  obtained. 
—Dub.  Med.  Quar.  Jour. 


As  a  writer,  Dr.  West  stands,  in  our  opinion,  se- 
cond only  to  Watson,  the  "Macaulay  of  Medicine;' 
he  possesses  that  happy  faculty  of  clothing  instruc- 
tion in  easy  garments;  combining  pleasure  with 
profit,  he  leads  his  pupils,  in  spite  of  the  ancient  pro- 
verb, along  a  royal  road  to  learning.  His  work  is  one 
which  will  not  satisfy  the  extreme  on  either  side,  but 
it  is  one  that  will  please  the  great  majority  who  are 
seeking  truth,  and  one  that  will  convince  the  student 
that  he  has  committed  himself  to  a  candid,  safe,  and 
valuable  guide.— N.  A.  Med.-Chirurg  Review. 

We  must  now  conclude  this  hastily  written  sketch 
with  the  confident  assurance  to  our  readers  that  the 
work  will  well  repay  perusal.  The  conscientious, 
painstaking,  practical  physician  is  apparent  on  every 
page.— iV.  Y.  Journal  of  Medicine. 

We  have  to  say  of  it,  briefly  and  decidedly,  that  it 
is  the  best  work  on  the  subject  in  any  language,  and 
that  it  stamps  Dr.  West  as  the  facile  princeps  of 
British  obstetric  authors.— Edinburgh  Med.  Journal. 

We  gladly  recommend  his  lectures  as  in  the  highest 
degree  instructive  to  all  who  are  interested  in  ob- 
stetric practice. — London.  Lancet. 

We  know  of  no  treatise  of  the  kind  so  complete, 
and  yet  so  compact.— Chicago  Med.  Journal. 


T>Y  THE  SAME  AUTHOR.  

AN  ENQUIRY  INTO  THE  PATHOLOGICAL  IMPORTANCE  OF 

ULCERATION  OF  THE  OS  UTERI.     In  one  neat  octavo  volume,  extra  cloth.     »1  i*. 
M^^JSS^^SSJS^  £.  person  Medical  ColUge,  Philadelphia.  _ 

WOMAN:    HER  DISEASES  AND  THEIR  REMEDIES.     A  Series 

of  Lectures  to  his  Class.     Fourth  and  Improve. I  edltioB.     In  one  large  r-nd  beauhlully 
printed  octavo  volume  of  over  700  pages,  extra  cloth,  $5  00  ;  leather,  $b  00. 
Z?r  THE  SAME  AUTHOR.  

ON  THE  NATURE„SIGNS,  AND  TREATMENT  OF  CHILDBED 

FEVER.     In  a  Series  of  Letters  addressed  to  the  Students  of  his  Class.     In  one  handsome 
octavo  volume  of  365  pages,  extra  cloth.     $2  00. 

QTMPSON  {SIR  JAMES  Y.),  M.D. 
^CLINICAL  LECTURES  ON  THE  DISEASES  OF  WOMEN.   With 

numerous  illustrations.  In  one  octavo  volume  of  over  500  pages.    Second  edition,  preparing. 
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JJODGE  (HUGH  L.),  M.D., 

Emeritus  Professor  of  Midwifery,  &e,  in  the  University  of  Pennsylvania,  &o. 

THE    PRINCIPLES  AND   PRACTICE   OF   OBSTETRICS.     Illus- 

trated  with  large  lithographic  plates  containing  one  hundred  and  fifty-nine  figures  from 
original  photographs,  and  with  numerous  wood-cuts.     In  one  large  and  beautifully  printed 
quarto  volume  of  550  double-columned  pages,  strongly  bound  in  extra  cloth,  $14.     (Lately 
'  published.) 

We  have  examined  Professor  Hodge's  work  with 


The  work  of  Dr.  Hodge  is  something  more  than  a 
simple  presentation  . >f  his  particular  views  in  the  de- 
partment of  Obstetrics ;  it  is  something  more  than  an 
ordinary  treatise  on  midwifery;  it  is,  in  fact,  a  cyclo- 
paedia of  midwifery.  He  has  aimed  to  embody  in  a 
single  volume  the  whole  science  and  art  of  Obstetrics. 
An  elaborate  text  is  combined  with  accurate  and  va- 
ried pictorial  illustrations,  so  that  no  fact  or  principle 
is  left  unstated  or  unexplained. — Am.  Med.  Times, 
Sept.  3,  1864. 

We  should  like  to  analyze  the  remainder  of  this 
excellent  work,  but  already  has  this  review  extended 
beyond  our  limited  space.  We  cannot  conclude  this 
notice  without  referring  to  the  excellent  finish  of  the 
work.  In  typography  it  is  not  to  be  excelled;  the 
paper  is  superior  to  what  is  usually  afforded  by  our 
American  cousins,  quite  equal  to  the  be»t  of  English 
books.  The  engravings  and  lithographs  are  most 
beautifully  executed.  The  work  recommends  itself 
for  its  originality,  and  is  in  every  way  a  most  valu- 
able addition  to  those  on  the  subject  of  obstetrics. — 
Canada  Med.  Journal,  Oct.  1864. 

It  is  very  large,  profusely  and  elegantly  illustrated, 
and  is  fitted  to  take  its  place  near  the  .works  of  great 
obstetricians.  Of  the  American  works  on  the  subject 
it  is  decidedly  the  best. — Edinb.  Med.  Jour.,  Dec.  "64. 

#*#  Specimens  of  the  plates  and  letter-press  will  be  forwarded  to  any  address,  free  by  mail, 
on  receipt  of  six  cents  in  postage  stamps. 


great  satisfaction ;  every  topic  is  elaborated  most 
fully.  The  views  of  the  author  are  comprehensive, 
and  concisely  stated!  The  rules  of  practice  are  judi- 
cious, and  will  enable  the  practitioner  to  meet  every 
emergency  of  obstetric  complication  with  confidence. 
— Chicago  Med.  Journal,  Aug.  1864. 

More  time  than  we  have  had  at  our  disposal  since 
we  received  the  great  work  of  Dr.  Hodge  is  necessary 
to  do  it  justice.  It  is  undoubtedly  by  far  the  most 
original,  complete,  and  carefully  composed  treatise 
on  the  principles  and  practice  of  Obstetrics  which  has 
ever  been  issued  from  the  American  press. — Pacific 
Med.  and  Surg.  Journal,  July,  1864. 

We  have  read  Dr.  Hodge's  book  with  great  plea- 
sure, and  have  much  satisfaction  in  expressing  our 
commendation  of  it  as  a  whole.  It  is  certainly  highly 
instructive,  and  in  the  main,  we  believe,  correct.  The 
great  attention  which  the  author  has  devoted  to  the 
mechanism  of  parturition,  taken  along  with  the  con- 
clusions at  which  he  has  arrived,  point,  we  think, 
conclusively  to  the  fact  that,  in  Britain  at  least,  the 
doctrines  of  Naegele  have  been  too  blindly  received. 
— Glasgow  Med.  Journal,  Oct.  1864. 


/TANNER  [THOMAS  H.),  M.  D., 
ON  THE  SIGNS  AND  DISEASES  OF  PREGNANCY.     First  American 

from  the  Second  and  Enlarged  English  Edition.  With  four  colored  plates  and  illustrations 
on  wood.  In  one  handsome  octavo  volume  of  about  500  pages,  extra  cloth,  $4  25.  (Just 
Issued.) 


The  very  thorough  revision  the  work  has  undergone 
has  added'  greatly  to  its  practical  value,  and  iucreased 
materially  its  efficiency  as  a  guide  to  the  student  and 
to  the  young  practitioner. — Am.  Journ.  Med.  Sci., 
April,  186S. 

With  the  immense  variety  of  subjects  treated  of 
and  the  ground  which  they  are  made  to  cover,  the  im- 
possibility of  giving  an  extended  review  of  this  truly 
remarkable  work  must  be  apparent.  We  have  not  a 
single  fault  to  find  with  it,  and  most  heartily  com- 
mend it  to  the  careful  study  of  every  physician  who 
would  not  only  always  be  sure  of  his  diagnosis  of 
pregnancy,  but  always  ready  to  treat  all  the  nume- 
rous ailments  that  are,  unfortunately  for  the  civilized 
women  of  to-day,  so  commonly  associated  with  the 
function.— N.  Y.  Med.  Record,  March  16,  1S6S. 

We  have  much  pleasure  in  calling  the  attention  of 
our  readers  to  the  volume  produced  by  Dr.  Tanner, 
the  second  edition  of  a  work  that  was,  in  its  original 


state  even,  acceptable  to  the  profession.  We  recom- 
mend obstetrical  students,  young  and  old,  to  have 
this  volume  in  their  collections.  It  contains  not  only 
a  fair  statement  of  the  signs,  symptoms,  and  diseases 
of  pregnancy,  but  comprises«in  addition  much  inter- 
esting relative  matter  that  is  not  to  be  found  in  any 
other  work  that  we  can  name. — Edinburgh  Med, 
Journal,  Jan.  1868. 

In  its  treatment  of  the  signs  and  diseases  of  preg- 
nancy it  is  the  most  complete  book  we  know  of, 
abouuding  on  every  page  with  matter  valuable  to  the 
general  practitioner. — Cincinnati  Med.  Repertory, 
March,  1868. 

This  is  a  most  excellent  work,  and  should  be  on  the 
table  or  in  the  library  of  every  practitioner. — Hum- 
boldt Med.  Archives,  Feb.  1S6S. 

A  valuable  compendium,  enriched  by  his  own  la- 
bors, of  all  thatis  known  on  the  sigus  and  diseases  at 
pregnancy. — St.  Louis  Med.  Reporter,  Feb.  15,  lsb>- 


MONTGOMERY  [W.  F.),  31.  D., 

Professor  of  Midwifery  in  the  King's  and  Queen's  College  of  Physicians  in  Ireland. 

AN  EXPOSITION  OF  THE  SIGNS  AND  SYMPTOMS  OF  PREG- 
NANCY. With  some  other  Papers  on  Subjects  connected  with  Midwifery.  From  the  second 
and  enlarged  English  edition.  With  two  exquisite  colored  plates,  and  numerous  wood-cuts. 
In  one  very  handsome  octavo  volume  of  nearly  600  pages,  extra  cloth.     $3  75. 


MILLER  {HENRY),  M.D., 

Professor  of  Obstetrics  and  Diseases  of  Women  and  Children  in  the  University  of  Louisville. 

PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS,  &c;  including 

the  Treatment  of  Chronic  Inflammation  of  the  Cervix  and*  Body  of  the  Uterus  considered 
as  a  frequent  cause  of  Abortion.  With  about  one  hundred  illustrations  on  wood.  In  one 
very  handsome  octavo  volume  of  over  600  pages,  extra  cloth.     $3  75. 

RIGBT'S   SYSTEM  OF  MIDWIFERY.     With  Notes  I  DEWEES'S  COMPREHENSIVE   SYSTEM   OF   MID- 
aud  Additional    illustrations.      Second    American        WIFERY.     Twelfth  edition,  with  the  author's  last 

ediiion.    One  volume  octavo,  extra  cloth,  422  pages.        improvements  and  corrections.     In  one  octavo  vol- 
4,2  50  I     uuie>  extra  cloth,  of  600  pages.    *3  50. 
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JlfEIGS  (CHARLES  D.),  M.D., 

•^  Lately  Professor  of  Obstetrics,  &c,  in  the  Jefferson  Medical  College,  Philadelphia. 

OBSTETRICS:    THE    SCIENCE   AND   THE   ART.     Fifth   edition, 

revised.     With  one  hundred  and  thirty  illustrations.     In  one  beautifully  printed  octavo 
volume  of  760  large  pages.     Extra  cloth,  $5  50;  leather,  $6  50.      (Just  Issued.) 
The  original  edition  is  already  so  extensively  and    how  minute   or   how  trivial,  has   found   a  place. — 


favorably  known  to  the  profession  that  no  recom- 
mendation is  necessary;  it  is  sufficient  to  say,  the 
present  edition  is  very  much  extended,  improved, 
and  perfected.  Whilst  the  great  practical  talents  and 
unlimited  experience  of  the  author  render  it  a  most 
valuable  acquisition  to  the  practitioner,  it  is  so  con- 
densed as  to  constitute  a  most  eligible  and  excellent 
text-book  for  the  student. — Southern  Med.  and  Surg. 
Journal,  July,  1867. 

It  is  to  the  student  that  our  author  has  more  par- 
ticularly addressed  himself;  but  to  the  practitioner 
we  believe  it  would  be  equally  serviceable  as  a  book 
of  reference  No  work  that  we  have  met  with  so 
thoroughly  details  everything  that  falls  to  the  lot  of 
the  accoucheur  to  perform.     Every  detail,  no  matter 


Canada  Medical  Journal,  July,  1867. 

This  very  excellent  work  on  the  science  and  art  of 
obstetrics  should  be  in  the  bauds  of  every  student  and 
practitioner.  The  rapidity  with  which  the  very  large 
editions  have  been  exhausted  is  the  best  test  of  its 
true  merit.  Besides,  it  is  the  production  of  an  Ame- 
rican who  has  probably  had  more  experience  in  this 
branch  than  any  other  living  practitioner  of  the  coun- 
try.— St.  Louis  Med.  and  Surg.  Journal,  Sept.  1867. 

He  has  also  carefully  endeavored  to  be  minute  and 
clear  in  his  details,  with  as  little  reiteration  as  possi- 
ble, and  beautifully  combines  the  relations  of  science 
to  art,  as  far  as  the  different  classifications  will  admit. 
— Detroit  Review  of  Med.  and  Pharm.,  Aug.  1867. 


ftAMSBOTHAM  (FRANCIS  H.),  M.D. 

THE  PRINCIPLES   AND    PRACTICE   OF   OBSTETRIC  MEDI- 

CINE  AND  SURGERY,  in  reference  to  the  Process  of  Parturition.  A  new  and  enlarged 
edition,  thoroughly  revised  by  the  author.  With  additions  by  W.  V.  Keating,  M.  D., 
Professor  of  Obstetrics,  <fcc,  in  the  Jefferson  Medical  College,  Philadelphia.  In  one  large 
and  handsome  imperial  octavo  volume  of  650  pages,  strongly  bound  in  leather,  with  raised 
bands;  with  sixty-four  beautiful  plates,  and  numerous  wood-cuts  in  the  text,  containing  in 
all  nearly  200  large  and  beautiful  figures.  $7  00. 
We  will  only  add  that  the  student  will  learn  from 

It  all  he  need  to  know,  and  the  practitioner  will  find 

it,  as  a  book  of  reference,  surpassed  by  none  other. — 

Stethoscope. 
The  character  and   merits  of  Dr.   Ramsbotham's 

work  are  so  well  known  and  thoroughly  established, 

that  comment  is  unnecessary  and  praise  superfluous. 

The  illustrations,  which  are  numerous  and  accurate, 

are  executed  in  the  highest  style  of  art.     We  cannot 

too  highly  recommend  the  work  to  our  readers. — St. 

Louis  Med.  and  Surg.  Journal. 


To  the  physician's  library  it  is  indispensable,  while 
to  the  student,  as  a  text-book,  from  which  to  extract 
the  material  for  laying  the  foundation  of  an  education 
on  obstetrical  science,  it  has  no  superior. — Ohio  Med. 
and  Surg.  Journal. 

When  we  call  to  mind  the  toil  we  underwent  in 
acquiring  a  knowledge  of  this  subject,  we  cannot  but 
envy  the  student  of  the  present  day  the  aid  which 
this  work  will  afford  him. — Am.  Jour,  of  the  Med. 
Sciences. 


/1HURCHILL  (FLEETWOOD),  M.D.,  M.R.I. A. 

ON  THE  THEORY  AND  PRACTICE  OF  MIDWIFERY.     A  new 

American  from  the  fourth  revised  and  enlarged  London  edition.  With  notes  and  additions 
by  D.  Francis  Condie,  M.  D.,  author  of  a  "Practical  Treatise  on  the  Diseases  of  Chil- 
dren,'' Ac.  With  one  hundred  and  ninety-four  illustrations.  In  one  very  handsome  octavo 
volume  of  nearly  700  large  pages.     Extra  cloth,  $4  00;  leather,  $5  00. 

In  adapting  this  standard  favorite  to  the  wants  ot  the  profession  in  the  United  States,  the  editor 
has  endeavored  to  insert  everything  that  his  experience  has  shown  him  would  be  desirable  for  the 
American  student,  including  a  large  number  of  illustrations.  With  the  sanction  of  the  author, 
he  has  added,  in  the  form  of  an  appendix,  some  chapters  from  a  little  "Manual  for  Midwives  and 
Nurses,"  recently  issued  by  Dr.  Churchill,  believing  that  the  details  there  presented  can  hardly 
fail  to  prove  of  advantage  to  the  junior  practitioner.  The  result  of  all  these  additions  is  that  th« 
work  now  contains  fully  one-half  more  matter  than  the  last  American  edition,  with  nearly  one- 
half  more  illustrations;  so  that,  notwithstanding  the  use  of  a  smaller  type,  the  volume  contains 
aJmost  two  hundred  pages  more  than  before. 

These  additions  render  the  work  still  more  com- 
plete and  acceptable  than  ever;  and  with  the  excel- 
lent style  in  which  the  publishers  have  presented 
this  edition  of  Churchill,  we  can  commend  it  to  the 
profession  with  great  cordiality  and  pleasure. — Cin- 
cinnati Lancet. 

Few  workp  on  this  branch  of  medical  science  are 
equal  to  it,  certainly  none  excel  it,  whether  in  regard 
to  theory  <jr  practice,  and  in  one  respect  it  is  superior 
to  all  others,  viz.,  in  its  statistical  information,  and 
therefore,  on  these  grounds  a  most  valuable  work  for 
the  physician,  student,  or  lecturer,  all  of  whom  will 
And  in  it  the  information  which  they  are  seeking.— 
Brit.  Am.  Journal. 

The  present  treatise  is  very  much  enlarged  and 
amplified  beyond  the  previous  editions  but  nothing 


has  been  added  which  could  be  well  dispensed  with. 
An  examination  of  the  table  of  contents  shows  how 
thoroughly  the  author  has  gone  over  the  ground,  and 
the  care  he  has  taken  in  the  text  to  present  the  sub- 
jects in  all  their  bearings,  will  render  this  new  edition 
even  moie  necessary  to  the  obstetric  student  than 
were  either  of  the  former  editions  at  the  date  of  their 
appearance.  No  treatise  on  obstetrics  with  which  we 
are  acquainted  can  compare  favorably  with  this,  in 
respect  to  the  amount  of  material  which  has  been 
gathered  from  every  source. — Boston  Mtd.  and  Surg. 
Journal. 

There  is  no  better  text-book  for  students,  or  work 
of  reference  and  study  for  the  practising  physician 
than  this.  It  should  adorn  and  enrich  every  medical 
library. — Chicago  Med.  Journal. 


s 


WAYNE  (JOSEPH  GRIFFITHS),  M.  D., 

Pht/sician- Accoucheur  to  the,  British  General  Hospital,  &c. 

OBSTETRIC  APHORISMS  FOR  THE  USE  OF  STUDENTS  COM- 
MENCING MIDWIFERY  PRACTICE.  From  the  Fourth  and  Revised  London  Edition, 
with  Additions  by  E.  R.  Hutchins,  M.  D.  With  Illustrations.  In  one  neat  12uio.  vol- 
ume.    Extra  cloth,  $1  25.     (Just  Ready.) 
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QROSS  {SAMUEL  D.),  M.D., 

Professor  of  Surgery  in  the  Jefferson  Medical  College  of  Philadelphia. 

A  SYSTEM  OF  SURGERY:    Pathological,  Diagnostic,  Therapeutic, 

and  Operative.    Illustrated  by  upwards  of  Thirteen  Hundred  Engravings.    Fourth  edition, 
carefully  revised,  and  improved.    In  two  large  and  beautifully  printed  royal  octavo  volumes 
of  2200  pages,  strongly  bound  in  leather,  with  raised  bands.     $15  00. 
The  continued  favor,  shown  by  the  exhaustion  of  successive  large  editions  of  this  great  work, 
proves  that  it  has  successfully  supplied  a  want  felt  by  American  practitioners  and  students.    Though 
but  little  over  six  years  have  elapsed  since  its  first  publication,  it  has  already  reached  its  fourth 
edition,  while  the  care  of  the  author  in  its  revision  and  correction  has  kept  it  in  a  constantly  im- 
proved shape.     By  the  use  of  a  close,  though  very  legible  type,  an  unusually  large  amount  of 
matter  is  condensed  in  its  pages,  the  two  volumes  containing  as  much  as  four  or  five  ordinary 
octavos.     This,  combined  with  the  most  careful  mechanical  execution,  and  its  very  durable  binding, 
renders  it  one  of  the  cheapest  works  accessible  to  the  profession.     Every  subject  properly  belonging 
to  the  domain  of  surgery  is  treated  in  detail,  so  that  the  student  who  possesses  this  work  may  be 
said  to  have  in  it  a  surgical  library. 


It  must  long'  remain  the  most  comprehensive  work 
on  this  important  part  of  medicine. — Boston  Medical 
and  Surgical  Journal,  March  23,  1865. 

We  have  compared  it  with  most  of  our  standard 
works,  such  as  those  of  Erichsen,  Miller,  Fergusson, 
Syme,  and  others,  and  we  must,  in  justice  to  our 
author,  award  it  the  pre-eminence.  As  a  work,  com- 
plete in  almost  every  detail,  no  matter  how  minute 
or  trifling,  and  embracing  every  subject  known  in 
the  principles  and  practice  of  surgery,  we  believe  it 
stauds  without  a  rival.  Dr.  Gross,  in  his  preface,  re- 
marks "my  aim  has  been  to  embrace  the  whole  do- 
main of  surgery,  and  to  allot  to  every  snbject  its 
legitimate  claim  to  notice;"  and,  we  assure  our 
readers,  he  has  kept  his  word.  It  is  a  work  which 
we  can  most  confidently  recommend  to  our  brethren, 
for  its  utility  is  becoming  the  more  evident  the  longer 
it  is  upon  the  shelves  of  our  library. — Canada  Med. 
Journal,  September,  1865. 

The  first  two  editions  of  Professor  Gross'  System  of 
Surgery  are  so  well  known  to  the  profession,  and  so 
highly  prized,  that  it  would  be  idle  for  us  to  speak  in 
praise  of  this  work. —  Chicago  Medical  Journal, 
September,  1865. 

We  gladly  indorse  the  favorable  recommendation 
of  the  work,  both  as  regards  matter  and  style,  which 
we  made  when  noticing  its  first  appearance. — British 
and  Forfign  Medieo-Chirurgical  Review,  Oct.  1865. 

The  most  complete  work  that  has  yet  issued  from 
the  press  on  the  science  and  practice  of  surgery. — 
London  Lancet, 

This  system  of  surgery  is,  we  predict,  destined  to 
take  a  commanding  position  in  our  surgical  litera- 
ture, and  be  the  crowning  glory  of  the  author's  well 
earned  fame.  As  an  authority  on  general  surgical 
subjects,  this  work  is  long  to  occupy  a  pre-eminent 
place,  not  only  at  home,  but  abroad.  We  have  no 
hesitation  in  pronouncing  it  without  a  rival  in  our 
language,  and  equal  to  the  best  systems  of  surgery  in 
any  language. — N.  r.  Med.  Journal. 

Not  only  by  far  the  best  text-book  on  the  snbject, 
as  a  whole,  within  the  reach  of  American  students, 
but  one  which  will  be  much  more  than  ever  likely 
to  be  resorted  to  and  regarded  as  a  high  authority 
abroad. — Am.  Journal  Med.  Sciences,  Jan.  1865. 

The  work  contains  everything,  minor  and  major, 
operative  and  diagnostic,  including  mensuration  and 
examination,  venereal  diseases,  and  uterine  manipu- 
lations and  operations.  It  is  a  complete  Thesaurus 
of  modera  nurgery,  where  the  student  and  practi- 

>r   THE  SAME  AUTHOR.  — 


tioner  shall  not  seek  in  vain  for  what  they  desire.— 
San  .Francisco  Med.  Press,  Jan.  1865. 

Open  it  where  we  may,  we  find  sound  practical  in- 
formation conveyed  in  plain  language.  This  book  is 
no  mere  provincial  or  even  national  system  of  sur- 
gery, but  a  work  which,  while  very  largely  indebted 
to  the  past,  has  a  strong  claim  on  the  gratitude  of  the 
future  of  surgical  science. — Edinburgh  Med.  Journal, 
Jan.  1865. 

A  glance  at  the  work  is  sufficient  to  show  that  the 
author  and  publisher  have  spared  no  labor  in  making 
it  the  most  complete  "System  of  Surgery"  ever  pub- 
lished in  any  country. — St.  Louis  Med.  and  Surg. 
Journal,  April,  1865. 

The  third  opportunity  is  now  offered  during  our 
editorial  life  to  review,  or  ralher  to  indorse  and  re- 
commend this  great  American  work  on  Surgery. 
Upon  this  last  edition  a  great  amount  of  labor  has 
been  expended,  though  to  all  others  except  the  author 
the  work  was  regarded  in  its  previous  editions  as  so 
full  and  complete  as  to  be  hardly  capable  of  improve- 
ment. Every  chapter  has  been  revised ;  the  text  aug- 
mented by  nearly  two  hundred  pages,  and  a  con- 
siderable number  of  wood-cuts  have  been  introduced. 
Many  portions  have  been  entirely  re-written,  and  the 
additions  made  to  the  text  are  principally  of  a  prac- 
tical character.  This  comprehensive  treatise  upon 
surgery  has  undergone  revisions  and  enlargements, 
keeping  pace  with  the  progress  of  the  art  and  science 
of  surgery,  so  that  whoever  is  in  possession  of  this 
work  may  consult  its  pages  upon  any  topic  embraced 
within  the  scope  of  its  department,  and  rest  satisfied 
that  its  teaching  is  fully  up  to  the  present  standard 
of  surgical  knowledge.  It  is  also  so  comprehensive 
that  it  may  truthfully  be  said  to  embrace  all  that  is 
actually  known,  that  is  really  of  any  value  in  the 
diagnosis  and  treatment  of  surgical  diseases  and  acci- 
dents. Wherever  illustration  will  add  clearness  to  the 
subject,  or  make  belter  or  more  lasting  impression,  it 
is  not  wanting;  in  this  respect  the  work  is  eminently 
superior. — Buffalo  Med.  Journal,  Dec.  1864. 

A  system  of  surgery  which  we  think  unrivalled  in 
our  language,  and  which  will  indelibly  associate  his 
name  with  surgical  science.  And  what,  in  our  opin- 
ion, enhances  the  value  of  the  work  is  that,  while  the 
practising  surgeon  will  find  all  that  he  requires  in  it, 
it  is  at  the  same  time  one  of  the  most  valuable  trea- 
tises which  can  be  put  into  the  hands  of  the  student 
seeking  to  know  the  principles  and  practice  of  this 
branch  of  the  profession  which  he  designs  subse- 
quently to  follow. — The  Brit.  Am.  Journ.,  Montrtal. 


B* 


PRACTICAL    TREATISE    OX   THE    DISEASES,  INJURIES, 

AND  MALFORMATIONS  OF  THE  URINARY  BLADDER,  THE  PROSTATE  GLAND, 
AND  THE  URETHRA.  Second  edition,  revised  and  much  enlarged,  with  one  hundred 
and  eighty-four  illustrations.  In  one  large  and  very  handsome  octavo  volume  of  over  nine 
hundred  pages,  extra  cloth.     $4  00. 


TJY  THE  SAME  AUTHOR. 

A   PRACTICAL 

AIR-PASSAGES, 
pp.  468.     $2  75. 


TREATISE    ON    FOREIGN    BODIES   IN  THE 

In   one   handsome   octavo   volume,    extra  cloth,    with  illustrations. 


MALGAIGNE'S  OPERATIVE  SURGERY.  With  nu- 
merous illustrations  on  wood.  In  one  handsome 
octavo  volume,  extra  cloth,  of  nearly  600  pp.    $2  50. 


SKEY'S  OPERATIVE  SURGERY.  In  one  very  hand- 
gome  octavo  volume,  extra  cloth,  of  over  650  pages, 
with  about  100  wood-euta.    $3  25. 
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fiRICHSEN  {JOHN), 

-*-■*  Senior  Surgeon  to  University  College  Hospital. 

THE  SCIENCE  AND  ART  OF  SURGERY;  being  a  Treatise  on  Sur- 

gical  Injuries,  Diseases,  and  Operations.     From  the  Fifth  enlarged  and  carefully  revised 

London  Edition.     With  Additions  by  John  Ashhurst,  Jr.,  M.  D.,  Surgeon  to  the  Episcopal 

Hospital,  &c.      Illustrated  by  over  six  hundred  Engravings  on  wood.     In  one  very  large 

and  beautifully  printed  imperial  octavo  volume,  containing  over  twelve  hundred  closely 

printed  pages  :  cloth,  $7  50  ;  leather,  raised  bands,  $8  50. 

This  volume  having  enjoyed  repeated  revisions  at  the  hands  of  the  author  has  been  greatly 

enlarged,  and  the  present  edition  will  thus  be  found  to  contain  at  least  one-half  more  matter  than 

the  last  American  impression.     On  the  latest  London  edition,  just  issued,  especial  care  has  been 

bestowed.     Besides  the  most  minute  attention  on  the  part  of  the  author  to  bring  every  portion  of 

it  thoroughly  on  a  level  with  the  existing  condition  of  science,  he  called  to  his  aid  gentlemen  of 

distinction  in  special  depnrtments.     Thus  a  chapter  on  the  Surgery  of  the  Eye  and  its  Appendages 

has  been  contributed  by  Mr.  Streatfeild  ;  the  section  devoted  to  Syphilis  has  been  rearranged 

under  the  supervision  of  Mr.  Berkeley  Hill  j  the  subjects  of  General  Surgical  Diseases,  including 

Pysemia,  Scrofula,  and  Tumors,  have  been  revised  by  Mr.  Alexander  Bruce;  and  other  professional 

men  of  eminence  have  assisted  in  other  branches.     The  work  may  thus  be  regarded  as  embodying 

a  complete  and  comprehensive  view  of  the  most  advanced  condition  of  British  surgery;  while 

such  omissions  of  practical  details  in  American  surgery  as  were  found  have  been  supplied  by  the 

editor,  Dr.  Ashhurst. 

Thus  complete  in  every  respect,  thoroughly  illustrated,  and  containing  in  one  beautifully  printed 
volume  the  matter  of  two  or  three  ordinary  octavos,  it  is  presented  at  a  price  which  renders  it 
one  of  the  cheapest  works  now  accessible  to  the  profession.  A  continuance  of  the  very  remarkable 
favor  which  it  has  thus  far  enjoyed  is  therefore  confidently  expected. 

The  high  position  which  Mr.  Eriehsen's  Science  and  |  those  enlightened  surgeons  of  the  present  day,  who 
Art  of  Surgery  has  for  some  time  attained,  not  only 
in  this  country,  hut  on  the  Continent  and  in  America, 
almost  limits  the  task  of  the  reviewer,  on  the  appear- 
ance of  a  new  edition,  to  the  mere  announcement. 
Elaborate  analysis  and  criticism  would  he  out  of 
place  ;  and  nothing  remains  to  be  done  except  to  state 
in  general  terms  that  the  author  has  bestowed  on  it 
that  labor  which  such  a  work  required  in  order  to  be 
made  a  representative  of  the  existing  state  of  surgical 
science  and  practice.  Of  the  merits  of  the  book  as  a 
guide  to  the  "Science  and  Art  of  Surgery"  it  is  not 
necessary  for  us  to  say  much.     Mr.  Erichsen  is  one  of 


jard  an  acquaintance  with  the  manual  part  of  sur- 
gery as  only  a  portion  of  that  knowledge  which  a 
surgeon  should  possess.  —  British  Medical  Journal, 
Jan.  2,  IS69. 

Thus  the  work  bears  in  every  feature  a  stamp  of 
novelty  and  freshness  which  will  commend  it  to  those 
who  are  making  its  acquaintance  for  the  fust  time, 
whilst  those  who  have  found  it  a  safe  guide  aud 
friend  iu  former  years  will  be  able  to  refer  to  the  new 
edition  for  the  latest  information  upon  any  point  of 
surgical  controversy. — London  Lancet,  Jan.  23,  1SC9. 
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Y  THE  SAME  AUTHOR.     (Just  Issued.) 

ON   RAILWAY,    AND    OTHER    INJURIES   OF    THE    NERVOUS 

SYSTEM.     In  small  octavo  volume.     Extra  cloth,  $1  00. 


IXTILLER  [JAMES), 

•*■'-*■  Late  Professor  of  Surgery  in  the  University  of  Edinburgh,  &c. 

PRINCIPLES  OF  SURGERY.     Fourth  American,  from  the  third  and 

revised  Edinburgh  edition.     In  one  large  and  very  beautiful  volume  of  700  pages,  with 
two  hundred  and  forty  illustrations  on  wood,  extra  cloth.     $3  75. 
TYY  THE  SAME  AUTHOR.  

THE   PRACTICE   OF   SURGERY.     Fourth  American,  from  the  last 

Edinburgh  edition.     Revised  by  the  American  editor.     Illustrated  by  three  hundred  and 

sixty-four  engravings  on  wood.     In  one  large  octavo  volume  of  nearly  700  pages,  extra 

cloth.     $3  75. 

It  is  seldom  that  two  volumes  have  ever  made  so  I  acquired.    The  author  is  an  eminently  sensible,  prac- 

prot'cund  an  impression    in  so   short   a  time   as  the  f  tical,  and  well-informed   mau,   who   knows  exactly 

"Principles"  and  the  "Practice"  of  Surgery  by  Mr.     what  lie  is  talking  about  aud  exactly  bow  to  talk  it.— 

Miller,  or  so  richly  merited  the  reputation  they  have  |  Kentucky  Medical  Recorder. 


PIRRIE  (  WILLIAM),  F.  R.  S.  E.. 
Professor  of  Surgery  in  the  University  of  Aberdeen. 

THE  PRINCIPLES  AND  PRACTICE  OF  SURGERY.     Edited  by 

John  Neill,*M.  D.,  Professor  of  Surgery  in  the  Penna.  Medical  College,  Surgeon  tn  the 
Pennsylvania  Hospital,  &c.     In  one  very  handsome  octavo  volume  of  780  pages,  with  316 

illtiati-nt.inns    ftTt.r.n  eloth.      &3  75. 


s 


illustrations,  extra  cloth.     $3  75. 

ARGENT  {F.  W.),  M.  D. 


ON  BANDAGING  AND  OTHER  OPERATIONS  OF  MINOR  SUR- 

GERY.    New  edition,  with  an  additional  chapter  on  Military  Surgery.    One  handsome  royal 

12mo.  volume,  of  nearly  400  pages,  with  184  wood-cuts      Extra  cloth,  $1  75. 

Exceedingly  convenient  aud  valuable  to  all  mem-        We  cordially  commend  this  volume  as  one  which 

bers  of  the  profession.  —  Chicago  Medical  Examiner,     the  medical  student  should  most  closely  study;  and 

May   1862.  to  tne  surgeon  in  practice  it  must  prove  itself  instruct: 

,„,  '    i      »  ,  ,.,,,,-,..1  «f  Minnr  Snrirprv  wo  have    *ve  011  '"any  poiuts  which  he  may  have  forgotten.— 

J^B^M^afjoVnaL  **  Am-  jLrnal'  **  1S62- 
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jyRVITT  {ROBERT),  M.R.C.S.,  frc. 


THE  PRINCIPLES  AND  PRACTICE  OF  MODERN  SURGERY. 

A  new  and  revised  American,  from  the  eighth  enlarged  and  improved  London  edition.  Illus- 
trated with  four  hundred  and  thirty -two  wood-engravings.  In  one  very  handsome  octavo 
volume,  of  nearly  700  large  and  closely  printed  pages.    Extra  cloth,  $4  00  ;  leather,  $5  00. 

All  that  the  surgical  student  or  practitioner  could  i  theoretical  surgical  opinions,  no  work  that  we  are  at 

present  acquainted  with  can  at  all  compare  with  it. 
It  is  a  compendium  of  surgical  theory  (if  we  may  use 


desire. — Dublin  Quarterly  Journal. 

It  is  a  most  admirable  book.  We  do  not  know 
when  we  hare  examined  one  with  more  pleasure. — 
Boston  Med.  and  Surg.  Journal. 

In  Mr.  Druitt's  book,  though  containing  only  some 
seven  hundred  pages,  both  the  principles  and  the 
practice  of  surgery  are  treated,  and  so  clearly  and 
perspicuously,  as  to  elucidate  every  important  topic 


the  word)  and  practice  in  itself,  and  well  deserves 
the  estimate  placed  upon  it. — Brit.  Am.  Journal. 

Thus  enlarged  and  improved,  it  will  contiuue  to 
rank  among  our  best  text-books  on  elementary  sur- 
gery.— Columbus  Rev.  of  Med.  and  Surg. 

We  must  close  this  brief  notice  of  an  admirable 


The  fact  that  twelve  editions  have  already  been  called  work  by  recommending  it  to  the  earnest  attention  of 
for,  in  these  days  of  active  competition,  would  of  every  medical  student. — Charleston  Medical  Journal 
itself  show  it   to  possess   marked   superiority.     We    and  Review. 


have  examined  the  book  most  thoroughly,  and  can 
say  that  this  success  is  well   merited.     His  book, 


A  .text-book  which  the  general  voice  of  the  profes- 
sion in  both  England  and  America  has  commended  as 


moreover,  possesses   the  inestimable  advantages  of    one  of  the  most   admirable  "manuals 
having  the  subjects  perfectly  well  arranged  and  clas- 
sified, and  of  being  written  in  a  style  at  once  clear 
and  succinct. — Am.  Journal  of  Med.  Sciences. 


'vade 


rnecum,"  as  its  English  title  runs,  which  can  be 
placed  in  the  hands  of  the  student:  The  merits  of 
Druitt's  Surgery  are  too  well  known  to  every  one  to 


Whether  we  view  Druitt's  Surgery  as  a  guide  to    need  any  further  eulogium  from  us. — Nashville  Med. 
operative  procedures,  or  as  representing  the  latest    Journal. 


TJAMILTON  [FRANK  H.),  M.D., 

Professor  of  Fractures  and  Dislocations,  &c.  in  BellevueHosp.  Med.  College,  New  York. 

A  PRACTICAL  TREATISE    ON   FRACTURES  AND   DISLOCA- 

TIONS.     Third  edition,  thoroughly  revised.     In  one  large  and  handsome  octavo  volume 
of  777  pages,  with  294  illustrations,  extra  cloth,  $5  75.      {Just  Issued.) 

In  fulness  of  detail,  simplicity  of  arrangement,  and  American  professor  of  surgery;  and  his  book  adds 
accuracy  of  description,  this  work  stands  unrivalled,  one  more  to  the  list  of  excellent  practical  works  which 
So  far  as  we  know,  no  other  work  on  the  subject  in  !  have  emanated  from  his  country,  notices  of  which 
the  English  language  can  be  compared  with  it.  While  have  appeared  from  time  to  time  in  our  columns  du- 
congratulating  our  trans-Atlantic  brethren  on  the  ring  the  last  few  months.— London  Lancet,  Dec.  15, 
European  reputation  which  Dr.  Hamilton,  along  with  '  1866. 

many  other  American  surgeons,  has  attained,  we  also  !  These  additions  make  the  work  much  more  valua- 
may  be  proud  that,  in  the  mother  tongue,  a  classical  ble,  and  it  must  be  accepted  as  the  most  complete 
work  has  been  produced  which  need  not  fear  compa- '  monograph  on  the  subject,  certainly  in  our  own,  if 
rison  with  the  standard  treatises  of  auy  other  nation,  not  even  in  any  other  language.  —  American  Journal 
—Edinburgh  Med.  Journal,  Dec.  1866.  [  Med.  Sciences,  Jan.  1867. 

The  credit  of  giving  to  the  profession  the  only  com  I  ™s  \s  <Jf  most  complete  treatise  on  the  subject  in 
plete  practical  treatise  on  fractures  and  dislocations  the  Enghsh  language.- ^nfr^^s^^mrf,  Jan.  1867. 
in  our  language  during  the  present  century,  belongs  A  mirror  of  all  that  is  valuable  in  modern  surgery, 
to  the  author  of  the  work  before  us,  a  distinguished  Richmond  Med.  Journal,  Nov.  1866. 


c 


'URLING  (T.  B.),  F.R.S., 

Surgeon  to  the  London  Hospital,  President  of  the  Himterian  Soeiety,  &c. 

PRACTICAL   TREATISE    ON    DISEASES    OF   THE    TESTIS, 

SPERMATIC  CORD,  AND  SCROTUM.  Second  American,  from  the  second  and  enlarged 
English  edition.  In  one  handsome  octavo  volume,  extra  cloth,  with  numerous  illustra- 
tions,    pp.  420.     $2  00. 


BRODIE'S  CLINICAL  LECTURES  ON  SURGERY. 
1  vol.  8vo.,  3.50  pp.;  cloth,  $1  25. 

COOPER'S  LECTURES  ON  THE  PRINCIPLES  AND 
Practice  of  Surgery.  In  one  very  large  octavo 
volume,  extra  cloth,  of  750  pages.    $2  00. 


GIBSON'S  INSTITUTES  AND  PRACTICE  OF  SUR- 
oerv.  Eighth  edition,  improved  and  altered.  With 
thirty-four  plates.  In  two  handsome  octavo  vol- 
umes, about  1000  pp.,  leather,  raised  bands.  $6  50. 

MACKENZIE  ON  DISEASES  AND  INJURIES  OF 
THE  EYE.     1  vol.  8vo.,  1027  pp.,  extra  cloth.    96. 


A  SHTON  {T.  J.) 
ON  THE   DISEASES,  INJURIES,  AND  MALFORMATIONS   OF 

THE  RECTUM  AND  ANUS;  with  remarks  on  Habitual  Constipation.  Second  American, 
from  the  fourth  and  enlarged  London  edition.  With  handsome  illustrations.  In  one  very 
beautifully  printed  octavo  volume  of  about  300  pages.     $3  25.      (Just  Issued.) 

We  can  recommend  this  volume  of  Mr.  Ashton's  in 
the  strongest  terms,  as  containing  all  the  latest  details 
ef.the  pathology  and  treatment  of  diseases  connected 
with  the  rectum. — Canada.  Med.  Journ.,  March,  1S66. 

One  of  the  most  valuable  special  treatises  that  the 
physician  and  surgeon  can  have  in  his  library. — 
Chicago  Medical  Examiner,  Jan.  1666. 


The  short  period  which  has  elapsed  since  the  ap- 
pearance of  the  former  American  reprint,  and  the 
numerous  editions  published  in  England,  are  the  best 
arguments  we  can  offer  of  the  merits,  and  of  the  use- 
lessness  of  any  commendation  on  our  part  of  a  bWk 
already  so  favorably  known  to  our  readers. — B^jston 
Med.  and  Surg.  Journal,  Jan.  25,  1866. 
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ORLAND  (W.  TV.),  M.D. 

DISEASES  OF  THE  URINARY  ORGANS;  si  Compendium  of  their 

Diagnosis,  Pathology,  and  Treatment.     With  illustrations      In  o-ne  large  and  handsom* 
octavo  volume  of  about  600  pages,  extra  cloth.     $3  50. 
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WELLS  {J.  SO  E LB  ERG), 

Professor  of  Ophthalmology  in  King's  College  Hospital,  Ac. 

A    TREATISE    ON    DISEASES    OF    THE    EYE.      First  American 

Edition,  with  additions;  illustrated  with  21(5  engravings  on  wood,  and  six  colored  plates. 
Together  with  selections  from  the  Test-types  of  Jaeger  and  Snellen.  In  one  large  and 
very  handsome  octavo  volume  of  about  750  pages  :  extra  cloth,  $5  00  ;  leather,  $6  00. 
{Just  Ready.) 

A  work  has  long  been  wanting  which  should  represent  adequately  and  completely  the  present 
aspect  of  British  Ophthalmology,  and  this  want  it  has  been  the  aim  of  Mr.  Wells  to  supply.  The 
favorable  reception  of  his  volume  by  the  medical  press  is  a  guarantee  that  he  has  succeeded  in 
his  undertaking,  and  in  reproducing  the  work  in  this  country  every  effort  has  been  made  to 
render  it  in  every  way  suited  to  the  wants  of  the  American  practitioner.  Such  additions  as 
seemed  desirable  have  been  introduced  by  the  editor,  Dr.  I.  Minis  Hays,  and  the  number  of 
illustrations  has  been  more  than  doubled.  The  importance  of  test-types  as  an  aid  to  diagnosis 
is  so  universally  acknowledged  at  the  present  day  that  it  seemed  essential  to  the  completeness  of 
the  work  that  they  should  be  added,  and  as  the  author  recommends  the  use  of  those  both  of  Jaeger 
and  of  Snellen  for  different  purposes,  selections  have  been  made  from  each,  so  that  the  practitioner 
may  have  at  command  all  the  assistance  necessary.  The  work  is  thus  presented  as  in  every  way 
fitted  to  merit  the  confidence  of  the  American  profession. 

His  chapters  are  eminently  readable.  His  style  is 
dear  and  flowing.  He  can  be  short  without  over-con- 
densing, and  accurate  without  hair  splitting.     These 


merits  appear  in  a  remarkable  degree  when  he  comes 
to  treat  of  the  more  abstruse  departments  of  his  sub- 
ject, and  contrast  favorably  with  the  labored  obscurity 
which  mars  the  writings  of  some  greater  authorities 
in  the  same  line.  We  congratulate  Mr.  Wells. upon 
the  success  with  which  he  has  fulfilled  his  ideal,  as 


represented  in  the  preface,  in  producing  "  an  English 
treatise  on  the  diseases  of  the  eye,  which  should 
embrace  the  modern  doctrines  and  practice  of  the 
British  and  Foreign  Schools  of  Ophthalmology."  Th-e 
new  school  of  Ophthalmology  may  also  be  congratu- 
lated in  having  found  an  exponent  who  is  neither  a 
bigoted  partisan  of  everything  new,  nor  a  scoffer  at 
everything  old. —  Glasgow  Med.  Journal,  May,  1869. 


T 


OYNBEE  {JOSEPH),  F.  R.  S., 

Aural  Surgeon  to  and  Lecturer  on  Surgery  at  St.  Mary's  Hospital. 

THE  DISEASES  OF  THE  EAR:  their  Nature,  Diagnosis,  and  Treat- 
ment. With  one  hundred  engravings  on  wood.  Second  American  edition.  In  one  very 
handsomely  printed  octavo  volume  of  440  pages;  extra  cloth,  $4. 


The  appearance  of  a  volume  of  Mr.  Toynbee's,  there- 
fore, in  which  the  subject  of  aural  disease  is  treated 
in  the  most  scientific  manner,  and  our  knowledge  in 
respect  to  it  placed  fully  on  a  par  with  that  which 
we  possess  respecting  most  other  organs  of  the  body, 
is  a  matter  for  sincere  congratulation.  We  may  rea- 
sonably hope  that  henceforth  the  subject  of  this  trea- 
tise will  cease  to  be  among  the  opprobria  of  medical 
science. — London  Medical  Review. 


The  work,  as  was  stated  at  the  outset  or  our  notice, 
is  a  model  of  its  kind,  and  every  page  and  paragraph 
of  it  are  worthy  of  the  most  thorough  study.  Con- 
sidered all  in  all — as  au  original  work,  well  written, 
philosophically  elaborated,  and  happily  illustrated 
with  case*  and  drawings — it  is  by  far  the  ablest  mo- 
nograph that  has  ever  appeared  on  the  anatomy  *nd 
diseases  of  the  ear,  and  one  of  the  most  valuable  con- 
tributions to  the  art  and  science  of  surgery  in  the 
nineteenth  century. — N.  Am.  Med.-Chirurg.  Review. 


TA  URENCE  {JOHN  Z.),  F.  R.  G.  S.,  ^ 

■^  Editor  of  the  Ophthalmic  Review,  &c. 

A  HANDY-BOOK  OF    OPHTHALMIC    SURGERY,  for  the  use  of 

Practitioners.     Second  Edition,  revised  and  enlarged.     With  numerous  illustrations.     In 

one  very  handsome  octavo  volume.     (Nearly  Ready.) 
No  book  on  ophthalmic  surgery  was  more  needed.        Not  only,  as  its  modest  title  suggests,  a  "Handy- 
Designed,  as  it  is,  for  the  wants  of  the  busy  practi-    Book"  of  Ophthalmic  Surgery,  but  an  excellent  and 
tiouer,  it  is  the  ne plus  ultra,  of  perfection.     It  epito-    well-digested  resume  of  all  that  is  of  practical  value 
mizes  all  the  diseases  incidental  to  the  eye  in  a  clear    in  the  specialty. — New  York  Medical  Journal,  No- 


and  masterly  manner,  not  only  enabling  the  practi- 
Hotter  readily  to  diagnose  each  variety  of  disease,  but 
affording  him  the  more  important  assistance  of  proper 
treatment.  Altogether  this  is  a  work  which  ought 
certainly  to  be  in  the  hands  of  every  general  practi- 
tioner.— DvMin  Med.  Press  and  Circular,  Sept.  12,  '66 
We  cordially  recommend  this  book  to  the  notice  of 
our  readers,  as  coutaining  an  excellent  outline  of 
modern  ophthalmic  surgery. — British  Med.  Journal, 
October  13,  1866. 


vember,  1S66. 

This  object  the  authors  have  accomplished  in  a 
highly  satisfactory  manner,  and  we  know  no  work 
we  can  more  highly  recommend  to  the  "busy  practi- 
tioner" who  wishes  to  make  himself  acquainted  with 
the  recent  improvements  in  ophthalmic  science.  Such 
a  work  as  this  was  much  wanted  at  this  time,  and 
this  want  Messrs.  Laurence  and  Moon  have  now  well 
supplied. — Am.  Journal  Med.  Sciences,  Jan.  1867. 


TAWSON  {GEORGE),  F.  R.  C.  S,  Engl. 

J-J  Assistant  Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Monrfields,  Ac. 

INJURIES  OF  THE  EYE,  ORBIT,  AND  EYELIDS :  their  Imme- 
diate  and  Remote  Effects.      With  about  one  hundred  illustrations.      In  one  very  hand- 
some octavo  volume,  extra  cloth,  $3  50.      (Now  Ready.) 
This  work  will  be  found  eminently  fitted  for  the  general  practitioner.     In  cases  of  functional 
or  structural  diseases  of  the  eye,  the  physician  who  has  not  made  ophthalmic  surgery  a  special 
study  can,  in  most  instances,  refer  a  patient  to  some  competent  practitioner.     Cases  of  injury, 
however,  supervene  suddenly  and  usually  require  prompt  assistance,  and  a  work  devoted  espe- 
cially to 'them  cannot  but  prove  essentially  useful  to  those  who  may  at  any  moment  be  called  upon 
to  treat  such  accidents.     The  present  volume,  as  the  work  of  a  gentleman  of  large  experience, 
m-ajr  be  considered  as  eminently  worthy  of  confidence  for  reference  in  all  such  emergencies. 

1'  is  an  admirable  practical  book  in  the  highest  anil  t»s»t  s**xb*  of  the  phrase.—  London  Medical  T*m*>s 
and  Gazette,  May  18,  1867. 


30 


Henry  C.  Lea's  Publications — (Surgery). 


iyALES  {PHILIP  S.),  31.  D.,  Surgeon  V.  S.  N. 


MECHANICAL  THERAPEUTICS:  a  Practical  Treatise  on  Surgical 

Apparatus,   Appliances,  and  Elementary  Operations  :    embracing  Minor  Surgery,   Band- 
aging,  Orthopraxy,  and  the  Treatment  of  Fractures  and  Dislocations.     With  six  hundred 
and  forty-two  illustrations  on  wood.     In  one  large  and  handsome  octavo  volume  of  about 
700  pages  :  extra  cloth,  $5  75  ;  leather,  $6  75.      (Just  Issved.) 
A  Naval  Medical  Board  directed  to  examine  and  report  upon  the  merits  of  this  volume,  officially 
states  that  "  it  should  in  our  opinion  become  a  standard  work  in  the  hands  of  every  naval  sur- 
geon ;"  and  its  adoption  for  use  in  both  the  Army  and  Navy  of  the  United  States  is  sufficient 
guarantee  of  its  adaptation  to  the  needs  of  every-day  practice. 


The  title  of  this  book  will  give  a  reasonably  good 
idea  of  its  scope,  but  its  merits  can  only  be  appreci- 
ated by  a  careful  perusal  of  its  text.  No  one  who  un- 
dertakes such  a  task  will  have  any  reason  to  com- 
plain fiat  the  author  has  not  performed  bis  duty,  and 
has  not  taken  every  pains  to  present  every  subject  in 
a  clear,  common-sense,  and  practical  light.  It  is  a 
unique  specimen  of  literature  in  its  way,  in  that, 
treating  upon  such  a  variety  of  subjects,  it  is  as  a 
whole  so  completely  up  to  the  wants  of  the  student 
and  the  general  practitioner.  We  have  never  seen 
any  work  of  its  kind  that  can  compete  with  it  in  real 
utility  and  extensive  adaptability.  Dr.  Wales  per- 
fectly understands  what  may  naturally  be  required 
of  him  in  the  premises,  and  in  the  work  before  us  has 
bridged  over  a  very  wide  gap  which  has  always  here- 
tofore existed  between  the  first  rudiments  of  surgery 
and  practical  surgery  proper.  He  has  emphatically 
given  us  a  comprehensive  work  for  the  beginner  ;  and 
when  we  say  of  bis  labors,  that  in  their  particular 
sphere  they  leave  nothing  to  be  desired,  we  assert  a 
great  deal  to  recommend  the  book  to  the  attention  of 
those  specially  concerned.  In  conclusion,  we  would 
state,  at  the  risk  of  reiteration,  that  this  is  the  most 
comprehensive  book  on  the  subject  that  we  have  seen  ; 
is  the  best  that  can  be  placed  in  the  hands  of  the  stu- 
dent in  need  of  a  first  book  on  surgery,  and  the  most 
useful  that  can  be  named  for  such  general  practition- 
ers who,  without  any  special  pretensions  to  surgery, 
are  occasionally  liable  to  treat  surgical  cases. — N.  T. 
Med.  Record,  March  2,  1863. 

It  is  certainly  the  most  complete  and  thorough  work 
of  its  kind  in  the  English  language.  Students  and 
young  practitioners  of  surgery  will  find  it  invaluable. 
It  will  prove  especially  useful  to  inexperienced  coun- 
try practitioners,  wiio   are  continually  required   to 


take  charge  of  surgical  ca«es,  under  circumstances 
precluding  them  from  the  aid  of  experienced  surgeons. 
— Pacific  Med,,  and  Surg.  Journal,  Feb.  1868. 

This  is  a  most  complete  and  elegant  work  of  673 
pages,  and  is  certainly  well  deserving  of  the  com- 
mendation of  every  American  surgeon.  This  work, 
besides  its  useful uess  as  a  reference  for  practitioners, 
is  most  admirably  adapted  as  a  text-book  for  students. 
Its  642  illustrations  in  wood -cuts,  represent  every  man- 
ner of  surgical  appliance,  together  with  a  minute  de- 
scription of  each,  the  name  of  its  inventor,  and  its  prac- 
tical utility  in  mechanical  surgery.  There  is,  perhaps, 
no  work  in  the  English  language  so  complete  in  the 
description  and  detail  of  surgical  apparatus  and  ap- 
pliances as  this  one.  The  entire  work  entitles  the  au- 
thor to  great  credit  for  his  clear  and  distiuct  style  as 
a  writer,  as  well  as  for  his  accuracy  of  observation 
and  great  research  in  the  field  of  surgery.  We  ear- 
nestly recommend  every  member  of  the  profession  to 
add  a  copy  of  it  to  bis  library,  with  the  assurance 
that  he  will  find  some  useful  suggestion  in  the  treat- 
ment of  almost  every  surgical  case  that  may  come 
under  his  observation. — Humboldt  Med.  Archives, 
Feb.  1868. 

The  title  of  the  above  work  is  sufficiently  indica- 
tive of  its  contents.  We  have  not  seen  for  a  long 
time  (in  the  English  language)  a  treatise  equal  to  this 
in  extent,  nor  one  which  is  better  adapted  to  the 
wants  of  the  general  student  and  practitioner.  It  is 
not  to  the  surgeon  alone  that  this  book  belongs;  the 
physician  has  freqneut  opportunities  to  fill  an  emer- 
gency by  such  knowledge  as  is  here  given.  Every 
practitioner  should  make  purchase  of  such  a  book — 
it  will  last  him  bis  lifetime. — St.  Louis  Med.  Re- 
porter, Feb.  1S68. 


JDIGELO  W  {HENRY  J.),  M.  D., 

Professor  of  Surgery  in  the  Massachusetts  Med.  College. 

ON   THE    MECHANISM   OF    DISLOCATION  AND  FRACTURE 

OF  THE  HIP.     AVith  the  Reduction  of  the  Dislocation  by  the  Flexion  Method.     With 
numerous  original  illustrations.      In  one  very  handsome  octavo  volume.     Cloth.     $2  50. 
(Now  Ready.) 
The  reputation  of  the  author  and  the  importance  of  the  subject  cannot  fail  to  attract  to  this 
volume  the  attention  which  it  deserves. 


/THOMPSON  [SIR  HENRY). 

J-  Surgeon  and  Professor  of  Clinical  Surgery  to  University  College  Hospital. 

LECTURES  ON  DISEASES  OF  THE  URINARY  ORGANS.   With 

illustrations  on  wood.     In  one  neat  octavo  volume,  extra  cloth.     $2  25.     (Now  Ready.) 


These  lectures  stand  the  severe  test.  They  are  in- 
structive without  being  tedious,  and  simple  without 
being  diffuse;  and  they  include  many  of  those  prac- 
tical hints  so  useful  for  the  student,  and  even  more 
valuable  to  the  young  practitioner. — Edinburgh  Med. 
Journal,  April,  1869. 

Very  few  words  of  ours  are  necessary  to  recommend 
these  lectures  to  the  profession.     There  is  no  subject 


ou  which  Sir  Henry  Thompson  speaks  with  more  au- 
thority than  that  in  which  he  has  specially  gathered 
his  laurels;  in  addition  to  this,  the  conversational 
style  of  instruction,  which  is  retained  in  these  printed 
lectures,  gives  them  au  attractiveness  which  a  sys- 
tematic treatise  can  never  possess. — London  Medical 
Times  and  Gazette,  April  21,  186.9. 


TJT  THE  SAME  AUTHOR.     [Nearly  Ready) 

ON  THE  PATHOLOGY  AND. TREATMENT  OF  STRICTURE  OF 

THE  URETHRA  AND  URINARY  FISTULA.     With  plates  and  wood-cuts.     From  the 
third  and  revised  English  edition.    In  one  very  handsome  octavo  volume,  extracloth,  $3  50. 
{Just  Ready.) 
This  classical  work  has  so  long  been  recognized  as  a  standard  authority  on  its  perplexing  sub- 
jects that  it  should   be  rendered  accessible  to  the  American  profession.      Having  enjoyed   the 
advantage  of  a  revision  at  the  hands  of  the  author  within  a  few  months,  it  will  be  found  to  present 
his  latest  views  and  to  be  on      level  with  the  most  recent  advances  of  surgical  science. 
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rPAYLOR  [ALFRED  S.),  M.D., 

■J-  Lecturer  on  Med.  Jurisp.  and  Chemistry  in  Guy's  Hospital. 

MEDICAL   JURISPRUDENCE.     Sixth  American,  from   the   eighth 

and  revised  London  edition.     With  Notes  and  References  to  American  Decisions,  by  Cle- 
ment B.  Penrose,  of  the  Philadelphia  Bar.     In  one  large  octavo  volume  of  776  pages, 
extra  cloth,  $4  50  ;  leather,  $5  60.      (Just  Issued.) 
Considerable  additions  have  been  made  by  the  editor  to  this  edition,  comprising  some  importnnt 
sections  from  the  author's  larger  work,  "  The  Principles  and  Practice  of  Medical  Jurisprudence," 
as  well  as  references  to  American  law  and  practice.     The  notes  of  the  former  editor,  Dr.  Harts- 
home,  have  likewise  been  retained,  and  the  whole  is  presented  as  fully  worthy  to  maintain  the 
distinguished  position  which  the  work  has  acquired  as  a  leading  text-book  and  authority  on  the 
subject. 


A  new  edition  of  a  work  acknowledged  as  a  stand- 
ard authority  everywhere  within  the  range  of  the 
English  language.  Considering  the  new  matter  intro- 
duced, on  trichiniasis  and  other  subjects,  and  the 
plates  representing  the  crystals  of  poisons,  etc  ,  it  may 
fairly  be  regarded  as  the  most  compact,  comprehen- 
sive, and  practical  work  on  medical  jurisprudence 
which  has  issued  from  the  press,  and  the  one  best 
fitted  for  students. — Pacific  Mtd.  and  Surg.  Journal, 
Feb.  1S67. 

The  sixth  edition  of  this  popular  work  comes  to  us 
in  charge  of  a  new  editor,  Mr.  Penrose,  of  the  Phila- 
delphia bar,  who  has  done  much  to  render  it  useful, 
not  only  to  the  medical  practitioners  of  this  country, 
but  to  those  of  his  own  profession.  Wisely  retaining 
the  references  of  the  former  American  editor,  Dr 
Hartshorne,  he  has  added  many  valuable  notes  of  his 
own.  The  reputation  of  Dr.  Taylor's  work  is  so  well 
established,  that  it  needs  no  recommendation.  He  is 
now  the  highest  living  authority  on  all  matters  con- 
nected with  forensic  medicine,  and  every  successive 
edition  of  his  valuable  work  gives  fresh  assurance  to 
his  many  admirers  that  he  will  continue  to  maintain 
his  well-earned  position.  No  one  should,  in  fact,  be 
without  a  text-book  on  the  subject,  as  he  does  not 
know  hut  that  his  next  case  may  create  for  him  an 


emergency  for  its  use.  To  those  who  are  not  the  for- 
tunate possessors  of  a  reliable,  readable,  interesting, 
and  thoroughly  practical  work  upon  the  subject,  we 
would  earnestly  recommend  this,  as  forming  the  best 
groundwork  for  all  their  future  studies  of  the  more 
elaborate  treatises. — New  York  Medical  Record,  Feb. 
15,  1807. 

The  present  edition  of  this  valuable  manual  is  a 
great  improvement  on  those  which  have  preceded  it. 
Some  admirable  instruction  on  the  subject  of  evidence 
and  the  duties  and  responsibilities  of  medical  wit- 
nesses has  been  added  by  the  distinguished  author, 
and  some  fifty  cuts,  illustrating  chiefly  the  crystalline 
forms  and  microscopic  structure  of  substances  used 
as  poisons,  inserted.  The  American  editor  has  also 
introduced  several  chapters  from  Dr.  Taylor's  larger 
work,  "The  Principles  and  Practice  of  Medical  Juris- 
prudence," relating  to  trichiniasis,  sexual  malforma- 
tion, insanity  as  affecting  civil  responsibility,  suicidal 
mania,  and  life  insurance,  &c,  which  add  considerably 
to  its  value.  Besides  this,  he  has  introduced  nume- 
rous references  to  cases  which  have  occurred  in  this 
country.  It  makes  thus  by  far  the  best  guide-book 
in  this  department  of  medicine  for  students  and  the 
general  practitioner  in  our  language. — Boston  Med. 
and  Surg.  Journal,  Dec.  27,  18b6. 


TTTINSLOW  [FORBES),  M.D*  D.G.L.,  £c. 

ON  OBSCURE  DISEASES  OF  THE  BRAIN  AND  DISORDERS 

OF  THE  MIND;  their  incipient  Symptoms,   Pathology,  Diagnosis,  Treatment,  and  Pro- 
phylaxis.   Second  American,  from  the  third  and  revised  English  edition.    In  one  handsome 
octavo  volume  of  nearly  600  pages,  extra  cloth.     $4  25.      (Just  Issued.) 
Of  the  merits  of  Dr.  Winslow's  treatise  the  profes-  ,  thereby   undertaken   responsibilities  in   which   the 
sion  has  sufficiently  judged.    It  has  taken  its  place  in  |  welfare  and  happiness  of  individuals  and  families 
the  front  rank  of  the  works  upon  the  special  depart-  I  are  largely  involved.     We  shall  therefore  close  this 
ment  of  practical  medicine  to  which  it  pertains. —  ,  brief  and  necessarily  very  imperfect  notice  of  Dr. 
Cincinnati  Journal  of  Medicine,  March,  1866.  |  Winslow's  great  and  classical  work  by  expressing 

It  is  an  interesting  volume  that  will  amply  repay    our  conviction  that  it  is  long  since  so  important  and 
1  intelligent  readers  —    beautifully  written  a  volume  has  issued  from  the 


for  a  careful  perusal  by  all  intelligen 
Chicago  Med.  Examiner,  Feb.  1866. 

A  work  which,  like  the  present,  will  largely  aid 
the  practitioner  in  recognizing  and  arresting  the  first 
insidious  advances  of  cerebral  and  mental  disease,  is 
one  of  immense  practical  value,  and  demands  earnest 
attention  and  diligent  study  on  the  part  of  all  who 
have   embraced   the  medical   profession,   and   have 


British  medical  press. — Dublin  Medical  Press. 

It  is  the  most  interesting  as  well  as  valuable  book 
that  we  have  seen  for  a  long  time.  It  is  truly  fasci- 
nating.— Am.  Jour.  Med.  Sciences. 

Dr.  Winslow's  work  will  undoubtedly  occupy  an 
unique  positipn  in  the  medico-psychological  litera- 
ture of  this  country. — London  Med.  Review. 


TEA  [HENRY  C.) 
"^SUPERSTITION    AND    FORCE:    ESSAYS    ON    THE   WAGER   OF 

LAW,   THE  WAGER  OF  BATTLE,  THE  ORDEAL,  AND  TORTURE.     In  one  hand- 
some volume  royal  12mo.,  of  406  pages  ;  extra  cloth,  $2  50. 

a  humor  so  fine  and  good,  that  he  makes  us  regret  it 
was  not  within  his  intent,  as  it  was  certainly  within 
his  power,  to  render  the  whole  of  his  thorough  work 
more  popular  in  manner. — Atlantic  Monthly,  Feb.  '67. 


The  copious  collection  of  facts  by  which  Mr.  Lea  has 
illustrated  his  subject  shows  in  the  fullest  manner  the 
constant  conflict  and  varying  success,  the  advances 
and  defeats,  by  which  the  progress  of  humane  legisla- 
tion has  been  and  is  still  marked.  This  work  fills  up 
with  the  fullest  exemplification  and  detail  the  wise 
remarks  which  we  have  quoted  above.  As  a  hook  of 
ready  reference  on  the  subject  it  is  of  the  highest 
value. — Westminster  Review,  Oct.  1867. 

When— half  in  spite  of  himself,  as  it  appears— he 
sketchesasceneorcharacteiiu  the  history  of  legalized 
error  and  cruelty,  he  betrays  so  artistic  a  feeling,  and 


This  is  a  book  of  extraordinary  research.  Mr.  Lea 
has  entered  into  his  subject  con  ainore ;  and  a  more 
striking  record  of  the  cruel  superstitions  of  our  un- 
happy Middle  Ages  could  not  possibly  have  been  com- 
piled. ...  As  a  work  of  curious  inquiry  on  certain 
outlying  points  of  obsolete  law,  "Superstition  and 
Force"  is  one  of  the  most  remarkable  books  we  have 
met  with. — London  Atheneeum,  Nov.  3,  1S66. 


T>r  THE  SAME  AUTHOR.     (Just  Ready.) 

**  STUDIES  IN  CHURCH  HISTORY— THE  RISE  OF   THE  TEM- 
PORAL POWER— BENEFIT  OF  CLERGY— EXCOMMUNICATION.   In  one  large  royal 
12mo.  volume  of  516  pp.  extra  cloth.     $2  75. 
There  are  few  problems  in  history  more  interesting  than  the  rise  of  the  Christian  Church  from 
the  humblest  beginnings  to  the   possession  of  a  theocratic  despotism  throughout  Europe.     The 
object  of  the  present  volume  is  to  trace  this  progress,  to  analyze  its  causes,  and  to  describe 
some  of  the  results  springing  from  the  power  thus  intrusted  to  the  church. 
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